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INTRODUCTION 


The EKI Microprocessor Course is an effort to meet the needs of classroom teachers and interested students 
for a meaningful and exciting microprocessor course. 


In today’s world where computers and microprocessors systems are found almost everywhere, an electronic 
study is not complete without the theoretical concepts and hands-on experience with microprocesscrs. 


For that reason, Electronic Kits International, Inc., who has been in the educational electronics field for over 
ten years, has developed the EKI Microprocessor Course. This course was designed to teach the students 
about the basic building blocks of a computer. The student will quickly see how to adapt this system to control 
robots, etc. 


This is the only system of its kind due to the fact that it does not have a built-in monitor program. The 
student is building and programming the system from ‘“‘scratch’’. 


Studying this course the student will: 

¢ learn the basic theoretical concepts of microprocessors and computers. 

¢ build, step-by-step, a microprocessor system. 

e learn how to program in machine language. 

¢ write programs for controlling LEDs, Robots, Motors, etc., and arithmetic operations. 

e For the above reasons, we consider that this course is the best tool available to introduce electronic 
students to the field of microprocessors. 

We feel the EKI Microprocessor Course will bring Microprocessor technology to the thousands who need it 
for todays world of Robotics and Computers. 
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REQUIRED KNOWLEDGE TO COMPLETE THIS COURSE 


e Basic analog and digital electronics. 


Note: The EKI Basic Electronics Courses may provide the required knowledge in basic analog and digital 
electronics to complete this course. 


IN ORDER TO COMPLETE THIS COURSE 
YOU WILL NEED THE FOLLOWING: 


* This Manual. EKI Microprocessor Course with Robotics, #487KR. 
* The Micro-Mentor System, #A558K & #B558K. 
* A 5 Volt / 500 mA regulated power supply. (You can use the EKI #552). 
* Optional sections require: 
- EKI Robot Relay Control Board, #C558. 


- EKI Speech Synthesis System #559. 


STEPS TO COMPLETE THE EKI MICROPROCESSOR COURSE 


* Study Unit I and complete the pencil exercises and quiz. 

* Build and test the EKI Micro-Mentor Programmer Board. 

* Build and test the EKI Micro-Mentor Processor Board. 

* Study Unit I and complete the pencil exercises and the quiz. 

* Study Unit I and complete the pencil exercises and the quiz. 

* Study Unit IV, complete the pencil exercises and run the programs on the EKI Micro-Mentor System. 
* Study Unit V and run the programs (The Robot Arm and Robot Relay Control Board will be needed). 
* Study Unit VI and run the programs (The EKI Speech synthesis System will be needed). 
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UNIT I 


Introduction to the EKI Micro-Mentor” 
Microprocessor System. 


THE COMPUTER 


A computer is a device ‘‘able to receive information, 
process it in a prescribed way and supply the results.”’ 
Therefore, in concordance with this definition, we can 
see a computer made of the following blocks: 


BLOCK DIAGRAM OF A COMPUTER 
OR MICROCOMPUTER SYSTEM 


PROCESSOR { OUTPUT |. 


FIGURE 1 © 


The function of each block is evident from its name. 
Through the INPUT, (a keyboard, a diskette driver, a 
modem, punched card reader, etc.) we send informa- 
tion to the computer. Part of the information that. we 
send to the computer will be the program: a 
step-by-step set of instructions that tells the computer 
‘‘what to do.”’ 


This program, along with ‘‘data’’, will be kept in the 
memory of the computer. 


The PROCESSOR is the control center of the 
computer. It reads the program from the memory and 
manipulates the data according to the program 
instructions. This involves arithmetical and logical 
operations, movement of data inside the system, input 
and output process, orders sent to all the other blocks, 
etc. Therefore, as you can see, the processor of the 
computer is comparable to the brain of a human being 
or the manager of a company. It tells each part of the 
system what to do and when to do it. 


THE MICROCOMPUTER AND 
THE MICROPROCESSOR 


In a microcomputer, the processor, called a central 
processing unit (CPU) is an integrated circuit known as 
a microprocessor. Therefore, to make a clear 
differentiation between the words microcomputer and 
microprocessor we can say that the microprocessor is 
the central processing unit of a microcomputer. 

The block diagram of a computer also shows an 
OUTPUT block. The computer sends the results of the 
program to the outside world through output lines, 
video displays or printers. 


The block diagram also shows lines with arrows 
between the different blocks. These lines represent 
groups of wires called buses. Through these buses, 
digital informatiun in the form of binary bits is 
transferred between the consecutive blocks of the 
system. 


PENCIL EXERCISE #1 
1) A computer is a device able to 
information, __________ it in prescribed way 


and ——____. the results. 


2) Write the names of the blocks of a computer: 


BLOCK DIAGRAM OF A COMPUTER 
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3) In microcomputers, the processor block is called 
the (CPU) 
and it is an _ integrated circuit called a 


4) The arrows between the different blocks of the 
computer represent groups of wires called - 


THE MICROPROCESSOR 


As we have said the microprocessor is the brain of a 
computer. There are many different types of 
microprocessors and primarily we can classify them 
into four groups according to the data that they are able 
to handle. The four groups are: 


e Four bit microprocessors 

e Eight bit microprocessors 

e Sixteen bit microprocessors 

e Thirty-two bit microprocessors 


Small microcomputer systems designed for specific 
uses may use 4-bit microprocessors. All the “home 
computers’’ like Atari, Commodore, Sinclair, etc. use 
8-bit microprocessors. Professional computers (IBM 
type), use 16-bit and 32-bit microprocessors. Figure 2 
shows the physical appearance and the pin configura- 
tion of the Intel 8085, 8-bit microprocessor. 


THE SUPPORT CHIP 


The microprocessor by itself is worthless because in 
order to perform a useful function, it needs the support 
of other chips. For example, if we want to build a 
simple microcomputer system using the 8085 micro- 
processor we need to use at least one 8155 IC which is a 
memory and port IC. This means that this IC has a 
certain amount of memory which enables us to store a 
program. It also has input/output ports which will 
enable us to send information from the computer to the 
outside world, and from the outside world to the 
computer. 


8085 8-BIT MICROPROCESSOR CHIP 


— Vcc 
HOI_D 
HLDA 
CLK(OUT) 
RESET IN 


| 
2 
3 
4 
5 
6 
7 
48 


FIGURE 2 


In the memory portion of the 8155 we store our 
program and the microprocessor “reads’ : the program 
from the memory and performs all the instructions 
written in the program, and it will also put the results of 
the program on the output ports of the system. 
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; 


Fig. 3, below, shows the physical appearance and 
the pin configuration of the 8155. 


8155 SUPPORT CHIP PENCIL EXERCISE #2 


WITH MEMORY AND PORTS | 


1) The microprocessor is the _._..______ of a 
computer. 


2) Primarily, we can classify the microprocessors into 
groups according to the 
that they are able to handle. 


3) The four groups are: 
°____ zbit microprocessors 
e bit microprocessors 
Oo at microprocessors 
° bit microprocessors 
4) A microprocessor is worthless unless it has 
other —__ Es chips. 


5) In order to make a simple system using the 8085 
microprocessor, we need at least one —_________ 
IC, which is a memory chip that also has Input/Output 


SS2SR8RERBS8S8E 5 


FIGURE 3 
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MAKING A 
BASIC COMPUTER SYSTEM 
WITH THE 8085 AND 8155 CHIPS 


If we have an 8085 microprocessor chip and an 8155 
support chip and we want to make a small computer, 
the first thing that we have to do is to connect voltage 


5 Volts 
Regulated 
Power 


Supply 


CONNECTING POWER — 
TO THE 8085 MICROPROCESSOK 
AND THE 8155 SUPPORT CHIP 


to both IC’s. The 8085 and the 8155 work with 5 volts 
DC, so we need a regulated power supply able to 
produce this voltage. Both IC’s have the negative 
voltage input (Vss) on pin 20 and the positive voltage 
input (Vcc) on pin 40. rig. 4, below, -shows.both iCs 
with the power connected to them. 


FIGURE 4 
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THE MICROPROCESSOR CLOCK 


All microprocessors need a clock to produce pulses 
to control their internal counter. This counter is a 
fundamental part of any microprocessor. If the counter 
does not work, the microprocessor does not function. 
Modern microprocessors, such as the 8085, have clock- 
circuitry inside the chip. 


To determine the clock rate (pulse rate) a crystal, 
R/C or L/C network, is connected to the two clock input 
pins. 


In the 8085 microprocessor, the clock inputs are X 1 
and X 2 on pin #1 and #2 respectively. Fig. 5 shows the 
8085 with an RC network (R1 and C1) connected to the 
clock inputs. This RC network drives the internal clock 
at about 1.5 MHz., recommended by the manu- 
facturer. 


CONNECTING THE R/C NETWORK TO DRIVE THE INTERNAL CLOCK 
OF THE 8085 MICROPROCESSOR 


CLOCK DRIVER CIRCUIT 
1 


PENCIL EXERCISE #3 


1) Inorder to give power to the 8085 and 8155 we need 
a—___________ regulated power supply. 


2) In both IC’s, pin 20 is the __________ power 
input (Vss) and pin 40 the ____SEssSsSsSsSFSSFSFSFSs power 
input (Vcc). 


3) All the microprocessors have a 
inside. 


—_ 


4) In order to work, the counter needs input 
produced by a clock. 


5) Modern microprocessors, such as the 8085, have 
clock-circuitry __ the chip. 


6) On the 8085 microprocessor, X1 and X2 are the 
clock —_______, and to them we connect 
an RC network which will drive the clock at about 
fi) MEZ 
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THE ADDRESS/DATA BUS This group of 8 wires, called the Address/Data Bus, 

is going to carry binary information (address or data) in 

So far we have given power to both IC’s and con- the form of binary bits between the microprocessor and 

nected an RC network to pins 1 and 2 of the 8085 to the memory chip (8155). This binary information, 
drive the internal clock. The next step will be to carried by the Address/Data Bus, may go either from 
interconnect the Address Data pins ( ADO-AD7 of both the 8085 to the 8155 or from the 8155 to the 8085. For 


this reason, we call this bus a bidirectional bus, as 


IC’s) as shown in fig. 6. ane 
| shown by the bidirectional arrows on the lines. 


CONNECTING THE ADDRESS/DATA BUS 
OF THE 8085 MICROPROCESSOR 
TO THE 8155 SUPPORT CHIP 


+5V. 


Address/Data Bus 
(BIDIRECTIONAL BUS LINES) 


CLOCK DRIVER CIRCUIT 
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THE CONTROL BUS 8155. The control signals are sent by a group of wires 
| called the Control Bus. The control signals are as 
The microprocessor, as the brain of the system, tells follows: 
each part of the system what to do and when to do it. In 
order to accomplish this, the microprocessor has to Peas Reset - Pin 3 on the 8085 and pin 4 on the 
send control signals to the support chip, in our case, the 8155. 


CONNECTING THE CONTROL BUS AND THE 
RESET CIRCUIT OF THE 8085 MICROPROCESSOR 


AND THE 8155 SUPPORT CHIP 
is 
Vec 40 ADO}2 , , 127 ADO Vec40 21 AO 
13 13) 22 AT 
14 14| 23 
—7- 
16 16 5 ng PORTA 
17 17 06 fi 
“af 828 a As 
AD7 28 
SI Address/Data Bus o 
Reset 
Switch 99 - 
= B1 
= — 31 
B2 
- - = B3 | 
"Pp 
2 B4 OAT B 
B5 
41 RESET 39 BG 
36 
Clack Driver Cet eT . 
ree | | 
: 37 co 
CONTROL BUS 38 me 
39 
1 C2 \ portc 
C3 
e C4 
Timer in 3 5 C5 
Timer out 


MICROPROCESSOR & SUPPORT CHIP 
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e ALE: Address Latch Enable, pin 30 on the 
8085 and pin 11 on the 8155. 

° WR: Write, pin 31 on the 8085 and pin 10 on 
the 8155. 

¢ RD: Read, pin 32 on the 8085 and pin 9 on the 
8155. 

¢ IO/M: Input Output/Memory, pin 34 on the 
8085 and pin 7 on the 8155S. 


THE RESET CIRCUIT 


In Unit II of this course, we will learn the meaning of 


these control signals and how they work. The reset 
circuit allows us to start and stop the work of the 
microprocessor. This circuit will be connected to pin 
36 of the 8085 (reset input) and it is made up of switch 
S1, capacitor C2, resistor R2A, resistor R2B and Diode 
D1. Figure 7 shows the complete microprocessor 
system with the power supply connections, the 
Address/Data Bus, the Control Bus and the Reset 
Circuit. 

When switch S1 is opened, a positive potential 
coming from the power supply will go through resistor 
R2A and R2B to pin 36. With a positive voltage on pin 
36, the microprocessor will operate. When switch S1 is 
closed, a negative potential, coming from ground, will 
go through switch S1 to pin 36 and the microprocessor 
will be in the reset condition which means it will not 

-operate. Diode D1 helps eleminate interterence 
“mtrouuced by switch S1. 

Figure 7, (page 7) also shows the three ports of the 
8155. They are port A, port B and port C. These ports 
are the inputs and the outputs of the microprocessor 
System. 


PENCIL EXERCISE #4 


: 1) The Address/Data Bus 1S 0 ot Cight 
wire bus. 


2) The Address/Data Bus carries binary information 
EE 0) « ) in the form of 
binary numbers. 


3) The Bus 6is: used by the 
microprocessor to send control signals to the support 
chips. 


4) Inour system, the Control Bus is a 
wire bus. 


5) The names of the control signals are: _______ , 


<a ) 
6) When switch S1 is opened the microprocessor will 


be ____________ , on the other hand, when switch 
S1 is closed the microprocessor will be - 


7) The 8155 has _____ ports. 


THE MEMOKyY 


Computers do the tasks that humans wart them to 
do. All computers need a program to tell them what to 
do. The program, which is a set of step-by-step. 
instructions, written in a language that the micro- 
processor (CPU) understands, must be stored in the 
memory portion of the system. The memory of a 
computer system is a place where information (binary 
bits) may be kept in an organized form. We can liken 
the memory of a computer to a group of individual 
boxes, each one with a specific address, as shown in 
figure 8. 


MEMORY ORGANIZATION 


OF A 16 x 8 MEMORY 
_ bits of data 


po. 
ofolstifols}i}olo 
Hts tits tole fs 0 [a 


SIXTEEN 
MEMORY 
ADDRESSES 
(0-15) 


THERE ARE 8 BITS IN EACH 
MEMORY ADDRESS (LOCATION) __FiGURE8 
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Figure 8, page 8 shows a 16 x 8 memory. That 
means that this memory has 16 different addresses, 
each one eight bits long (1 byte). Therefore, in each 
memory address we can keep eight bits of data. For 
example, in memory address 0 we have the data (binary 
number); 01101100; in address location 1, we have the 
data: 11110000; in address location 2 we have the data: 
00111110. 


There are basically four types of solid state 
memories. They are: RAM, ROM, PROM and 
EPROM. 


Random Access Memories (RAM) These are easy to 
program but they lose the program when the power is 
turned off. We refer to them as ‘‘volatile’’ memories. 


Read Only Memories (ROM) These are memories 
that are programmed when the chip is made. They are 
non-volatile. However, you cannot reprogram them. 


Programmable Read Only Memories (PROM) These 
are memories that you can program using a special 
programmer. Once they are programmed they do not 
lose the program. However, you cannot reprogram 
them. 


Erasable Programmable Read Only Memories 
(EPROM) These are memories that you can program 
using a special programmer and they will keep the 
program even without power. They also allow you to 
erase the existing program and write a new one. 


The 8155 has a RAM memory of 256 x 8, which 
means that it has 256 memory locations, each one 
containing eight bits. 


In order to write a program in the memory of the 
8155, we need a programmer. We connect the 
programmer to Address/Data Bus and to the Control 
Bus of our computer. Before programming, we have to 
reset (stop) the microprocessor by closing switch S1. In 
this manner, the microprocessor will not interupt the 
data going from the programmer to the memory. 
Figure 9 on page 10 shows how to connect the 
programmer to the system in order to write a program 
in memory. 


After the program is written in memory, we can 
disconnect the programmer from the busses and put 
the microprocessor to work by opening switch S1. Asa 
result, the microprocessor will start to function, which 
means it will start to ‘‘read’’ the memory, starting with 
memory address ‘‘0’’ and execute the program. 


PENCIL EXERCISE #5 


i) Allcomputers needa Wt tell 
them what to do. 


2) The program is a set of step-by-step: 
written in a 7 that the microprocessor 
understands. 


3) Programs are written in the 
portion of the computer. 


4) The memory of a computer is a place where 
information ( bits) are kept in an 
organized form. 


5) Name the four main types of solid-state memories: 
Ge a ANG 


6) The 8155 IC has a RAM memory of 256 x 8 which 
means that it has memory locations of 
bits each. 


7) In order to write a program in the memory of the 
8155, we need a 


8) We will connect the programmer to the 
bus and to the bus of our computer system. 


9) Inorder to write a program in the memory, we have 
to the microprocessor by closing switch 
S1. 


10) When the program is written in the memory, we 
open switch S1 to put the 
to work. 
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THE MICRO-MENTOR*™” 


EKI MICROPROCESSOR COMPUTER SYSTEM 


PROGRAMMER CONNECTED TO THE 8085 
MICROPROCESSOR AND 8155 SUPPORT CHIP 


+5V 
RESET CIRCUIT 
D1 
Address/Data Bus 12 91 
22 
Fy ene: 2 eee | 23 
on [ees 0 i 24 
R2B Oe ee | 05 
+H+——— 26 
27 
1 AD? 28 7 
Reset 99 
Switch ms 
Ry said 31 
7 ~ 32 
33 
34 
— aa al 35 
as Driver 36 
ircuit 
wa STE 
1 ee rts | 
Ri a4 TT 7 a 
39 
7 
2 
: 3 I Timer in ; 
| Ct 6 Timer Out 
~ PROGRAMMER 
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MACHINE LANGUAGE 


We have said that in order for the computer to do 
the things we want it to do, we have to write a program 
into memory. 


At this point, you should understand that we must 
write this program in the microprocessor language. 
Microprocessors understand binary numbers (bits). 
This means that through binary numbers we can 
communicate with microprocessors, sending instruc- 
tions to them and receiving answers. But, even though 
all microprocessors understand binary numbers, each 
microprocessor has its own language or instruction set. 


For example, the instruction (binary number 
01110110) means ‘‘HALT’’ for the 8085. But, this same 
number may mean something else or nothing at all for 
another microprocessor. Therefore, in order to write 
programs for our microprocessor system, we have to 
know the microprocessor language, called ‘‘machine 
language’’. The machine language of a microprocessor 
is explained in the “‘instruction. set’’ of that micro- 
processor. The instruction set is always a part of the 
technical specifications of a microprocessor. Fig. 10 
(below) shows the instruction set which has three 
columns. One column has a description of the 
operation that the microprocessor is going to perform. 


The next column shows the ‘“‘Instruction Code’’ or 
Operation Code’’ which is the binary number that will 
tell the microprocessor what to do. The third column 
has the ‘“‘mnemonics’’ which are ‘memory joggers”’ 
that describe, in some way what the instruction does. 
Some of the mnemonics have obvious names and others 
do not. But, in general, they help us when writing 
programs to remember what the instruction does. 


Figure 10 shows just a part of the instruction set of 
the 8085 microprocessor. Of course, you will not fully 
understand these instructions until you know a little 
more about microprocessors. But, the important thing 
is that you recognize that each instruction has one 
instruction code which is a binary number that tells the 
microprocessor what to do. 


In most cases, the instruction codes are given in 
hexadecimal numbers rather that in binary numbers. 
This is so, because, there is less possibility of making a 
mistake if you work with hexadecimal numbers rather 
than working with binary numbers. Since the 
microprocessor only understands binary numbers, if 
you program in hexadecimal numbers, you will need a 
decoder in order to translate hexadecimal to binary. 


Now you are ready to study about the hardware of 
the system in Unit II. 


PARTIAL INSTRUCTION SET OF THE 8085 
8085 MICROPROCESSOR 


Column 1° 


DESCRIPTION 
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Column 3 
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As you should know, hexadecimal numbers are 
another way of expressing binary numbers. Figure 11, 
below, shows the Hexadecimal Conversion Table and 


the same part of the instruction set shown in figure 10 
but, in this case, the instruction code is in binary as well 
as in hexadecimal numbers. 


HEXADECIMAL CONVERSION TABLE 


Hexadecimal Binary Decimal 
Digit Equivalent Equivalent 


PARTIAL INSTRUCTION SET OF THE 
8085 MICROPROCESSOR 


DESCRIPTION _ INSTRUCTION CODE 


MNEMONI< 


a 
[pene w eamuior——SSSC*dC oY 
[sitact meray fom cami ———SSCSC~*wdCSCSCo we 
a O 


FIGURE 11 
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PENCIL EXERCISE #6 


1) In order for the: microprocessor system to do the 
things we want it to do, we have to write a 
in its memory. 


2) This program must be written in the 
of the microprocessor. 


3) Microprocessors understand ————___._ ___., 
this means that through 
we can communicate with them. 


4) Even though all the microprocessors understand 
binary information (binary numbers): each micro- 
processor has its own 


5) The language of a microprocessor is called 
language, and it is explained in the 
instruction set of the microprocessor. 


6) On the instruction set sheet, we have three 
columns. Their names are: 
and 


7) Observing the instruction set of the 8085 shown in 
Fig. 10, write the instruction code and the mnemonic of 
the following instructions: 


Jump Inconditional 


ee ee ee 
Add memory to 
Accumulator 

Load directly in 

Accumulator 


Return 


Load directly in 
Accumulator 


SUMMARY QUIZ 
1) A computer is a device able to 
information, ____________ it in a prescribed way 


and éthee results. 


2) Write the names of the blocks of a computer . 


3) In microcomputers, the processor block is called 
(CPU) and it is an 
integrated circuit called a__EEEE ss" 


4) The arrows between the different blocks of the 
computer represent groups of wires called 


5) All microprocessors need ——————____. chips. 
6) In order to make a simple microprocessor system 
using the 8085 microprocessor, we need at least one 

IC, which is a memory chip that also has 
input and output 


7) The Address/Data Bus is an eight ______ Bus. 


8) The Address/Data Bus carries binary information 


‘(address and data) in the form of 


numbers. 


9) The Control Bus is used by the microprocessor to 
send —_____. signals to the other parts of the 
computer system. 


10) In our system, the Control Bus is a WW. 
wire bus. 
Copyright © 1988, by Electronic Kits International Inc. 
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11) All computers need a program to tell them what 
by —__ Jump Inconditional 


12) The program is a set of 
instructions written in a language that the 


Return 


Add memory to 
13) Programs are written in the —————___.____ Accumulator 
section of the computer. Load directly in 


Accumulator 
14) The memory of a computer is a place where 
information (binary numbers) may be 


in an organized form. Load directly in 
Accumulator 


Return 


15) The 8155 IC has a RAM memory of 256 x 8, which 
means that it has 256 memory —_____of 8 


each. You are now ready to construct the EKI Micro-Mentor 
Microprocessor system. Send the coupcn in with your 
16) In our system, in order to write a program in the order to EKI to receive your kit. 


memory of the 8155 we need a 


17) In our computer system, we will connect the 
programmer to thems. bus and to the 
bus. 

18) Microprocessors understand infor- 
mation and in this way we can —______ with them. 


19) The language of a microprocessor is called 
__.language and it is explained in the 
instruction set. 


20) Observing the partial instruction set of the 8085 
given in Figure 10, write the instruction code and the 
mnemonic of the following instructions: 


EKI, INC. 
MICRO-MENTOR MICROPROCESSOR SYSTEM 
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UNIT il 
The Hardware of the Micro-Mentor™™- 
Microprocessor System 
THE BLOCK DIAGRAM OF THE 


EKI MICRO-MENTOR™ 
MICROPROCESSOR COMPUTER SYSTEM 


(NOTE: To complete this unit you need to have your built EKI Micro-Mentor'™ System available.) 


Our system is an 8-bit microcomputer that uses an 
8085 microprocessor as the CPU. Figure 1, below, 
chaws the block diagram of the MICRO-MENTOR '. 
microprocessor computer system. Look it over 


In this unit we are going to learn about the hardware 
(IC chips and electronic parts) of the microprocessor 
computer system. 


carefully. 


BLOCK DIAGRAM OF THE EKI MICRO-MENTOR™ 
MICROPROCESSOR COMPUTER SYSTEM 


| Port A 8 lines 
Address/Data Bus Memo (For At nes > 
ry 
oa : A 
rocessor Board Microprocessor Input/Output Port B 8 lines. 
ne > coma 


Control Bus 


Port C 6 lines 


Programmer 


Programmer 
Board 


‘and 
Readout Board 
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UNIT II: Introduction to the EKI Micro-Mentor Microprocessor System 


HOW THE 
MICRO-MENTOR FUNCTIONS. 


Our system will work in the following way. Using 
the MICRO-MENTOR |". programmer, we are 
going to write into memory a program. To do this, we 
must reset the microprocessor so that. the. micro-. 
processor will not run during the programming period. 
When the program is written into the memory, we will 
check to see that it is written correctly, using the unique 
MICRO-MENTOR™ readout memory system of the 
programmer. To do this we read each memory location 
to be sure that the right data is written init. = 
When we are sure that our program is correctly written in 
memory, we may disconnect the programmer. board from 
the processor board by disconnecting the ribbon cable from 
the processor board. Then, move the Reset/Run switch 
(S1), on the processor board, to the Run position, at which 
time the microprocessor will start reading the memory 
locations (starting with the first one ,00) and execute the 
program. 


MICRO-MENTOR '* CONSTRUCTION 


As you can see in Figure 2, the MICRO-MENTOR''™: 


microprocessor computer system is built on two circuit 
boards. Qn the processor board we have the 8085 
microprocessor and the 8155 support chip. On the 
programmer board we have eight LEDs, two seven- 
segment displays, seven ICs and other compon- 
ents which make up the programmer. The two boards 
will be interconnected by a ribbon cabie. 


MICRO-MENTOR' ™: SYSTEM 


PROGRAMMER BOARD 


if ie) 


erin PROCESSOR BOARD 


PENCIL EXERCISE #1 


ost): The MICRO-MENTOR™ Microprocessor Computer 


is an bit system that uses the 


_ microprocessor. 


(2) The MICRO -MENTOR ™ is built on two circuit 


boards. One is the 
other is the 


- board and the 
board. 


3) Touse the MICRO-MENTOR ™ computer system, 


we have to do the following things: 


(A) Write a program in 
language that the computer understands. 


(B) Use the 
program in the memory system. 


to write the 


(C) Turn on the microprocessor. The micro- 
processor will then start to.__________L__ thee 
program from memory and to execute it. | 


THE MICRO-MENTOR' ” 


PROCESSOR BOARD 
THE 8085 MICROPROCESSOR 


Figure 3, page 3, shows the schematic diagram of 
the MICRO- -MENTOR'™ 
sor board.” 


microprocessor proces- 


As you know, pins 1 and 2 on the 8085 are the dick 


inputs (x1, x2). They are connected to ar. R/C network 


made of R1 and C1 to drive the internal clock of the 
‘microprocessor. With the values of R1=10K and 
C1=20 pF the internal operating frequency of the 
microprocessor will be approximately 1.5 mHz. 


At pins 12 through 19, we have the Address/ Data 
outputs. Through these pins, address and data signals 
are sent from and to the microprocessor. As you can 
see, these pins (12 through 19) are connected, directly 
to the memory chip. When the microcomputer is 
working, these are very busy wires, because address 
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PARTIAL SCHEMATIC DIAGRAM OF THE MICRO-MENTOR 
PROCESSOR BOARD 
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Timer In 
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FIG. 3 
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and data signals are constantly traveling through the 
Address/Data Bus either from the microprocessor to 
the memory or from the memory to the microprocessor. 


On pin 36 of the microprocessor, we have the Reset 
input. This is an active low input, which means when 
this pin is low the microprocessor will be in reset 
condition or not running. When this input is high the 
microprocessor will be running, which means reading 
from the memory and executing the program. The line 
at the top of the word ‘‘RESET’’ shows that it is an 
active low input. 


Pin 3 of the microprocessor is the reset output. It 
tells the other blocks of the system (in our case the 
8155) whether or not the microprocessor is in reset 
condition. As you can see on the schematic diagram, 
the reset output of the microprocessor is connected 
directly to the reset input (pin 4) of the support chip. 


On pin 30 of the 8085, we have the Address Latch 
Enable (ALE) output. This output, which is connected 
. directly to the ALE input of the 8155, tells the memory 
that the binary number present at that time on the 
Address/Dataibus'is an address to be latched so that 
the microprocessor can read its contents or write into 
it’s memory, pin 3U (ALE) 1s an active high output. 


On Pin 31, of the 8085, we have the Write Output 
(WR), which is an active low output. This pin is 
connected directly to the Write Input or the 8155. A low 
level on pin 31 of the 8085 indicates the data on 
Address/Data Bus must be written into the previously 
selected memory location. 


On pin 32, of the 8085, we have the Read Output 
(RD) which is an active low output that is connected 
directly to the Read Input of the 8155. A low level on 
pin 32 of the 8085 indicates to the memory chip, that the 
already selected memory address is going to be read 
and that the A/D Bus is available for the data transfer. 
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On pin 34, of the 8085, we have the Input/Output 
Memory (10/M) output. This is an active low output 
which is connected directly to the IO/M input of the 
8155. Through this pin the microprocessor is going to 
tell the 8155 chip if the address present at that time on 
the Address Data Bus is a memory or.a port address. In 
Unit III, you will learn more about memory and port 
addresses. 


PENCIL EXERCISE #2 


1) The RC network made of R1 and C1 -- 
the internal clock of the 8085 to an operating frequency 
of 1.5 MHZ. 


2) The Address/Data Bus is a very___mv_____ bus 
because Address and Data signals are constantly 
traveling from the microprocessor to the memory or 
from the ____ SC stto the 


3) The 8085 has five control outputs, they are: 


THE 8155 SUPPORT CHIP 


This IC is prepared to perform three different 
functions. It has a 256 X 8-bit memory. It has three 
independent ports that can work as either input or 
output ports and it has an internal programmable 
timer. Figure 4 shows the internal block diagram of the 
8155. 


We have already talked about the pins 12 through 
19, the A/D pins (AD@ through AD7) and also the pins 
4, 11, 10, 9 and 7 respectively RES, ALE, WR, RD and 
IO/M pins. 
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As we have said, this IC has three independent 
ports. Port A and B are 8-bit ports. Port C is a 6-bit 
port. These ports can work either as output ports to 
send information in the form of binary numbers from 
the computer to the outside world or as input ports to 
receive information in the form of binary numbers from 
the outside world. 


Pin 3, of the 8155, is the input to a programmable 
timer. This timer counts pulses sent to it by an internal 


clock. Pin 6 is the output of this programmable timer. 
The output may be a pulse or a square wave. You will 
learn how to use this timer in Unit IV. 


Pin 8, of the 8155, is the Chip Enable Input (CF). 
When this pin is low, the 8155 is enabled 'which:means 
will function. When pin 8 of the 8155 is high the IC will 
not function. This pin allows the microprocessor to use 
several support chips, enabling one at a time. 


8155 SUPPORT CHIP 
[Pin Out and Block Diagram] 


PIN OUT 


Timer in L| 


Timer Outi | 


2 
3 
4 
5 
6 
7 
8 
g 


BLOCK DIAGRAM 


RESET 


Timer Clk 


Timer Out 


Vec (+5:V) 
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PENCIL EXERCISE #3 
1) The 8155 has three internal sections: 


I a 256 x 8 RAM : 

II a port section with three independent ports that 
can work either as___ or ass 
ports. 

Ill a programmable 


Micro-Mentor Keyboard Programmer 


Figure 5, page 7, shows the schematic diagram of the 
Micro-Mentor Programmer Board. Observe that it has one 
matrix hexadecimal keyboard (K1), one 74C922 keyboard 
encoder (ICS) , two 74173 shift registers (IC7 and IC6), 
two 7447 seven segment display decoder s(IC3 and IC4), 
one double seven-segment display (D9), an eight LED 
binary display (LEDO to LED7), twelve NOT gates (IC1A 
to IC1D, IC2A to IC2D, IC3A to IC3D), four NAND gates 
(IC8A to IC8D) and several discrete components. 


When a two digit number is punched on the keyboard, it 
will be shown in hexadecimal form on the seven -segment 
display and in binary form on the LED display. Also, this 
number will be present on the Address/Data Bus (ADO to 
AD7). 

For example, if the number "05"(0000 0101 in binary) is 
punched on the keyboard, the low-order seven-segment 
display will show a "5", the high-order display will show a 
"0" and the LED Binary Display will show the number 
"05" in binary form, which is "0000 0101", with LED 
"ON" representing a "1" and LED "OFF" representing a 
“O": 

Of course, also, the binary number "0000 0101" will be 
present on the Address/Data Bus (A/DO to A/D7) which 
will be connected to the processor board by a ribbon cable. 


Now we will study how the keyboard programmer 
functions. 


CIRCUIT OPERATION OF THE KEYBOARD 
PROGRAMMER 


The outputs of the hexadecimal matrix keyboard are 
connected to the inputs X1, X2, X3, X4, Y1, Y2, Y3 and 
Y4 of ICS, the 74C922 hexadeciaml keyboard encoder. 

Any time a key of the keyboard is pressed, IC5 puts on its 
outputs, DO to D3, the binary number equivalent to the 
pressed key. For example, if key "0" is pressed, the binary 
number "0000" will appear on the outputs DO to D3 of 
ICS. 


The outputs DO to D3 of ICS are connected to the inputs 
DO to D3 of IC7, the 74173, the first shift register. The 
outputs of the first shift register (QO to Q3) are connected 
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to the inputs of the second shift register, to the inputs of 
IC4 (low-order seven-segment decoder), and to the low-order 
lines of the Address/Data Bus (ADO to AD3). 

The outputs of the second shift register (QO to Q3). are 
connected to the inputs of IC3 (high-order seven-segment 
decoder) and to the high-order lines (AD4 to AD7) of the 
Address/Data Bus. 

The outputs of the two seven-segment decoders (IC4 and 
IC3) are connected to the seven-segment display through 
220 Q resistors. 

Note also, that there are eight LEDs (D1 to D8) connected 
to the Address/Data Bus, each one by a NOT gate and a 
resistor. These eight LEDs make up the LED Binary 
Display. 

Let us say for example that key "0" is pressed, while the 
key is pressed the binary number "0000" is present on the 
outputs DO to D3 of ICS, and inputs DO to D3 of IC7. 
When the key is released, a pulse is sent from pin 12 of 
IC7 to pin 7 of both 74173 (IC7 and IC6) through an 
inverter made with NAND gate IC8B. This pulse causes the 
shift registers to shift the binary number present on their 
inputs (DO to D3) to their outputs (QO to Q3). Therefore, 
when the key "0" is released, the binary number "0000" is 
transferred from the inputs of IC7 (DO to D3) to its 
outputs(QO0 to Q3). Then, the binary number "0000", will 
appear on lines ADO to AD3 of the Address/Data Bus. It 
will also be present on the inputs of the low-order 
seven-segment decoder (IC4), and on the input of the NOT 
gates IC2A to IC2D. Therefore, the number "0", 
hexadecimal equivalent of the binary "0000", will be shown 
on the low-order display and it will be shown also in 
binary form by LEDs LEDO to LED3. 

After the key "0" is released, the number "0010" is going to 
remain latched on the output of ICS and IC7. Therefore the 
number "0" will remain shown on the low-order display and 
on LEDs, LEDO to LED3. 

Now, let us say that a second key is pressed, for example 
key number 5. When the: key is pressed, the binary 
equivalent of five ,"0101", will be present at the outputs of 
ICS and of course at the inputs of IC7. When the key is 
released, both shift registers will shift, to their outputs, the 
data they have applied at their inputs. Therefore, IC7 will 
shift the binary number "5" (0101) to its outputs and IC6 
will shift the binary number "0", which was present at the 
outputs of IC7 and inputs of IC6, to its outputs. Now, the 
low-order display will show the number "5" and the 
high-order display the number "0". Also, the number "05" 
will be shown in binary form (0000 0101) by LEDs, LEDO 
to LED7. And, of course, also, this binary number "0000 
0101" will be present at the Address/Data Bus (ADO to 
AD7). 


Now we will see how you can write data in memory and 
how you can read data from memory using the keyboard 
programmer. As you read the following explariation observe 
the schematic diagram of the programmer and processor 
board. 
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SCHEMATIC DIAGRAM OF 
EKI MICROMENTOR '’- PROGRAMMER 
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WRITING PROGRAMS IN MEMORY . 


If for example, we want to use the programmer to write the 
data "5A" in memory location "00" of our system, we will 
have to follow this procedure. 

-1. Connect the ribbon cable between sockets J1 of the two 
boards (programmer and processor) of Micro-Mentor 
System. 

-2, Set the Reset/Run switch (S1) on the processor board in 
the Reset position. 

-3. Punch the number "00" on the keyboard, which is the 
number of the memory location you want to write in. As 
you do this, the number "00" will be shown on the 
seven-segment display, on the LED binary display and will 
be present on the Address/Data Bus (ADO to AD7). 

-4. Press once, $2, the "Address" pushbutton, on the 
programmer board. This pushbutton will send a high to the 
processor board, through the "ALE" line (Address Latch 
Enable), which will select the memory location whose 
number is present at that time on the A/D line. In our case, 
memory location "00" will be selected and latched. 

-5. Punch the number "5A" on the keyboard, which is the 
data you want to write in the selected memory location. 

-6. Press once the "Write" pushbutton S3 on the 
programmer board. This pushbutton will send the control 
signal "Write" (a Low on the WR line) to the processor 
board, which will cause the number, present at that time 
on the A/D Bus, to be written in the latched memory 
location. 


In thie above manner you can write any data you want in 
any memory location of the system. This is how you will 
write all your programs in memory. But, this is not all. It 
is necessary to verify your program. To do this use the 
following procedure. 


READING FROM MEMORY TO VERIFY 
YOUR PROGRAM. 


_ The Micro-Mentor programmer also allows us to read any 
memory location we want and verify what data is contained 
in it. Let us say for example that we want to verify what 
data we have in memory location "00". What you have to 
do is first punch the number "00" on the keyboard. Then 
press, once, S3, the "Address" pushbutton, in order to select 
(latch) this memory location. Now press S4, the "Read" 
pushbutton, and as you do this, the data contained in 
memory location "00" will be shown on the displays. 
Actually, $4, the "Read" pushbutton", sends the control 
signal "RD"( Read,low on RD line) to the processor board 
and also a Low to one of the inputs of the NAND gate 
IC8C. 

Note on the schematic of the programmer board, that pin #1 
of both shift registers (74173) are connected together and 
also connected to the output of NAND gate IC8C. Pin #1 
of the 74173 is the Data Enable pin. When it is low,the 
outputs, QO to Q3, are enabled for normal operation and 
data is available on them. When pin #1 is made high, the 
outputs QO to Q3 are disabled, or in the high-impedance 
state. therefore. data is not available on them. 


When we want to use our programmer to write in 
memory we want the shift registers to be enabled to 
shift the data generated by the keyboard to the Address/Data 
Bus and the Displays. When we want to read from 
memory, we want the two shift registers to be disabled, 
because the data that we want to read is coming from the 
processor board through the Address/Data Bus. We want to 
see that data in our displays. Therefore we do not want the 
shift registers to put anything on the A/D Bus that may 
interfer with the data coming from memory. Thus, in order 
to read from memory, we need both shift registers to be 
disabled and this is accomplished by setting 2 High on pin 
#1 of both shift registers. 

When we are writing in memory (entering a program in 
memory), S4, the "READ" pushbutton, is not pressed, and 
S1, the "RESET / RUN" switch on the processor board, is 
in the "RESET" position. Under this circumtances, a Low, 
coming through the "RS" (Reset Line) from the processor 
board, will be applied to pin # 12 of NAND gate IC8D. Pin 
# 13 of this gate is connected to high, therefore, the output 
of IC8D (pin # 11) will be high. This high is applied to 
pin # 10 of NAND gate IC8C which also has another high 
applied to pin # 9 coming through resistor R29 from the 
power supply. If the "READ" pushbutton is not pressed, 
NAND gate IC8C will have two highs applied to its 
inputs, and therefore , its output (pin # 8) will be Low. 
Note that the output of NAND gate IC8C is connected 
directly to the "output enable pin" (pin # 1) of both shift 
registers. Then, when we are writing in memory ( S1, 

"RESET / RUN" switch in "RESET" position and S4, 
"READ" pushbutton not pressed) the output of IC8C will 
be Low and will enable both shift registers to work. 

When we want to read data present on the A/D Bus and we 
press the "READ" pushbutton, it will apply a Low to one 
input of the NAND gate IC8C (pin # 9). This low will 
cause the output of the gate to be high and this high will 
disable the outputs of both shift registers. Therefore, 
whatever data is present on the Address/Data Bus at that 
time will be shown on the displays. 

Note also that the "READ" pushbutton, when pressed, is 
going to send the "RD"(Read) signal, a low, to the 
processor board and this signal will cause the data of the 
iatched memory location be put on the Address/Data Bus of 
the system. 

Also note on the schematic of the programmer board that 
the collector of transistor Q1 is connected to the control 
line IO/M (Input Output/Memory). Any time we are using 
the programmer, either to write or to read from memory, we 
have to keep a Low on the IO/M control line in order to 
enable the memory section of the 8155. 

In order to do this the "RESET / RUN" switch on the 
processor board has to be set in the "RESET" position. A 
Low, coming from the processor board through the "RS" 
control line, will then be applied to one input of NAND 
gate IC8D (pin # 12). This Low will produce a High on pin 

#11 of IC8D and this high will cause transistor Q1 to 
conduct and therefore, collector of Q1 will be Low applying 
a Low to the IO/M line that will select the memory section 
of the 8155. 
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RUNNING YOUR PROGRAM. 


So far we have explained how our programmer works to 
write into and to read from memory. Now let us see what 
happens to the programmer when we want to run a 
program. 

First, you have to remember that in order to run a program 
the microprocessor has to have full control of the two 
buses, the Address/Data and Control Bus. Therefore, if the 
programmer is left connected to the buses, it must. not 
disturb the control that the microprocessor must have over 
both buses. 7 

Let us see now how the programmer board "steps back" 
when S1, the "RESET / RUN" switch on the processor 
board, is moved to the "RUN" position to run a program. 


When S1, the "RESET / RUN" switch on the processor 
board is set in the "RUN" position, a High is going to 
come to the programmer board through the "RS" (Reset) 
control line. This High applied to one input of the NAND 
gate IC8D (pin # 12) will cause the output of this gate to 
be Low. This Low, generated by the output of IC8D, will 
be applied to two places, to one input of NAND gate 
IC8C (pin # 10) and to the base of transistor Q1 through 
resistor R30. 


- A Low on one input of NAND gate IC8C (pin # 10) 
will cause the output of this gate to be High (one input 
Low and one input High, output: High). This high, 
applied to pin # 1 of both shift registers (74173) will 
disable their outputs, therefore, no data will be applied by 
the shift registers to the Address/Data Bus and no 
interference will be introduced by the programmer on the 
Address/Data Bus. 


- A Low applied to the base of transistor Q1 will cause 
Q1 be in a non-conducting state. Therefore, the "IO/M" 
control line, connected to collector of Q1, will be 
tri-state ( high impedance-state) and no interference will 
be introduced by the programmer board on the "JO/M" 
Bus. 


Also, no interference will be introduced by the programmer on 
the ALE, WR and RD control lines because the respective 
pushbuttons connected to those control lines are open and we 
may consider these three lines be on high-impedance state 
when the pushbuttons are not pressed. 


Therefore, as we explained before, when the "RESET / RUN" 
Switch is in the "RUN" position, the programmer can be 
connected to the processor board and no interference will be 
introduced by the programmer to the Address/Data and Control 
Bus. 


On the schematic diagram of the programmer board you will 
see that there is a clock built with two NOT gates, IC1E and 
IC1F. This clock is completly independent from all the other 
circuits of the programmer and it will be used as a 
complement to the additional circuitry of some programs that 
call for the use of an external clock, as for example, the Delay 
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Program explained in Unit 4 of this book. 

Capacitor C1 of this clock is connected to the circuit with the 
use of a two-pin socket (J2) in such a manner that different 
capacitors with different values can be connected to the circuit. 
The formula to determine the output frequency of the signal 
generated by the clock is shown below: 


Freq. (Hz)= 415 / C (uF) 


Also note that in the upper right side of the schematic of the 
programmer there are two jumper wires connected to pins 6 
and 7 of socket J1. They will allow expansion of the memory 
capacity of the system by adding additional 8155's to the 
processor board. 
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8085A CPU FUNCTIONAL BLOCK DIAGRAM 


INTA RST 6.5 


INTR RST §.5 RST 7.5 


INTERRUPT CONTROL 


B BIT INTERNAL DATA BUS 


A REG 
TEMP REG 


FLAG 
FLIP FLOPS 


ARITHMETIC 


X1 TIMING AND CONTROL 
X2 CLK GEN CONTROL STATUS DMA 
CLK OUT RD WR ALE SO S1 IO/M 
READY HOLD 
FIGURE 1 


INTERNAL ARCHITECTURE 


In order to use and program a microprocessor 
system, you have to know a little about its internal 
architecture. 


Fig. 1 shows the block diagram of the 8085 
microprocessor. 


INSTRUCTION | 
REGISTER 


RESET OUT 


SID SOD 


SERIAL 1/0 CONTROL 


C 
REG 
REG ARRAY 


STACK POINTER | 
PROGRAM COUNTER 


INCREMENTER/DECREMENTER 
ADDRESS LATCH 


‘ADDRESS BUFFER DATA ADC'RESS BUFFER 


A1h AB AD? AD8 
ADDRESS BUS DATA/ADDRESS BUFFER 


GENERAL PURPOSE REGISTERS 

At this time it is not our purpose to explain how the 
different blocks work together. But it is important for 
you to know that the microprocessor has internal blocks 
and that they perform different functions. It also has 
seven GENERAL PURPOSE REGISTERS which are 
memories where data (8 bits long) may be stored 
temporarily. 
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These registers can be used by the programmer to 
store information temporarily. Each one of these 
registers has a letter name: A, B, C, D, E, H, and L. 
The A register, also called the accumulator, is the most 
important and used of the registers. 


THE ACCUMULATOR 
Through the accumulator we can send information 
from the microprocessor to the outside world and we 
can bring information from the outside world into the 
microprocessor. Also, the result of all arithmetic and 
logical operations end up in the ACCUMULATOR. 


THE FLAGS 

There are five flags associated with the accumlator. 
These flags are used when the 8085 performs 
mathematical or logical operations. These flags also 
give additional information about the performed 
operation. The names of the flags are: Carry, auxillary 
Carry, Parity, Sign, and Zero. The most important 
thing about the flags is the fact that the microprocessor 
may be programmed to test the state of the flags and 
then considering the results of that test, it can make 
decisions. You will understand how to use the flags by 
working with them in sample programs in Unit IV. 


THE STACK POINTER 

There is another important register inside the 8085 
which is the stack pointer register (SP). This is a 16 bit 
register which is used to hold a 16 bit memory address. 
When the stack pointer is loaded with an address from 
the RAM section of the computer system, the 
microprocessor can execute Call and Return instruc- 
tions without any problem because in the section of 
memory assigned as the stack, the microprocessor will 
be able to keep the “‘return address’’. Therefore, it will 
know where to go when it executes a return instruction. 


THE INSTRUCTION REGISTER 

In the block diagram of the 8085, you will also find 
the instruction register. When, during the process of 
reading the program from memory, the microprocessor 
finds an instruction, it is placed in the instruction 
register. After that, the instruction is decoded by the 
instruction decoder and machine cycle encoding block 
and then the timing and control block of the 
microprocessor sends the control signals to all the 
other parts of the system in order to execute that 
instruction. 


tor, their names are: W_____, 
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PENCIL EXERCISE #1 


1) The 8085 microprocessor has seven general 
purpose _________ which are named with the 


2) The A register also called the , 
is the most important register because through it we 
exchange information with the 


3) There are five flags associated with the accumula- 


9 
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4) The stack pointer is a 16 bit register where we can 
load the address of a memory location of the 
section of the memory of the system. 


5) Using the stack pointer the microprocessor can 
execute ___ instructions without any 
problem. 


INSTRUCTION SET 


You will find the complete instruction set of the 8085 
microprocessor on the sheet attached to this 
manual. On it you will see tive different classes of 
instructions: 


Data transfer instructions 
Arithmetic and Logical instructions 
Branch control instructions 
Input/Output instructions 
Machine control instructions 
The data transfer instructions are used to move data 
among the internal registers of the microprocessor. 


The arithmetical and logical instructions are used to 
perform arithmetical (addition and subtraction) and 
logical (And, Or Exclusive, Compare, Etc.) operations. 
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The Branch control instructions are used to give to 
the microprocessor the capabilities of making de- 
cisions. These instructions are sometimes called the 
““IF’’ instructions. They test different conditions 
(flags) in order to make decisions. 


The input/output instructions are used to exchange 
information (data) between the microprocessor and 
other external devices. 

The machine control instrucitons are used to give 
orders to the microprocessor such as: Halt, Stop, 
Interrupt, etc. 


PENCIL EXERCISE #2 


1) Write the names of the five groups of instructions: 


INITIALIZATION 


In order to start writing programs for our 
microprocessor system, we have to know some 
important details about the hardware of the system. 
We have to know: 

(a) how many memory locations we have avail- 
able and their addresses. 

(b) how many input/output ports we have 
available and their addresses. 

(c) how to assign the ports to work as either input 
or output ports. 

(d) how to assign a portion of memory to the 
stack. (stack pointer) 


Once you know all these things, you ate ready to 
write the first portion of any program which is called 
the ‘‘initialization’’. 
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MEMORY LOCATIONS AND PORTS 
AVAILABLE IN OUR SYSTEM 


Although the 8085 microprocessor is able to address 
65,536 (64K) memory locations with the use of its 16 bit 
address bus, in our system we only use the first 8 bits of 
the address bus, thus, our system will be able to 
address 256 memory locations, with addresses between 
OOH (0000 0000) and FFH (1111 1111). 

(H = hexadecimal) 

These 256 memory locations along with the ports 
and a timer are in the 8155 support chip. Fig. 2 shows 
the block diagram of the 8155S. 


As we have said before, the 8155 contains the 
following: 
e2K bit RAM memory, organized 256 x 8. 
°Two 8-bit ports (A and B) and one 6 bit port (C). 
eOne 14-bit programmable countdown timer. 


Because the ports and the timer of the 8155 are 
programmable, we must program them in. order to use 
them. In order to program the ports and the timer, we 
have to write a binary number in the Command 
Register of the 8155. Figure 3 shows the address and 
the configuration of the Five Registers of the 8155. 


BLOCK DIAGRAM 
8155 


256 x 8 
STATIC 
RAM 


PORT C 
a 


TIMER IN 


TIMER OUT 
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REGISTERS OF THE 8155 


Name of register 
Address 
COMMAND 
STATUS 
REGISTER 


Fig. 4 shows now to program the Command COMMAND STATUS REGISTER 
Register of the 8155 in order to use the ports and the (Not used) 


timer. 


7 6 ) J 4 9 2 1 
7 7 ee 
For e le, ifin th d register of the 8155 TM2 PC2 | PC1 PA 
or example, ifin the command register or the frm |e fy 


we write the number 00001101, as shown in figure 5, 
the timer section of the IC is not going to work (00: No 
effect). 


DEFINES PORT C 
00 INPUT 


ePort C is going to work as an output port (11). a OUTPUT 


ePort B is going to work as an input port (0). 
ePort A is going to work as an output port (1). DEFINES PORT B 


OQINPUT | 
1 OUTPUT 


DEFINES PORT A 
OINPUT 
1 OUTPUT 


CONTRQLS TIMER 

00 NO @FFECT 

01 STOP TIMER IMMEDIATELY 

10 STOP TIMER WHEN ZERO |S REACHED 

41 START TIMER OR RESTART AFTER ZERO IS 
REACHED ~ 


COMMAND REGISTER 


nOOonnOR 
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PENCIL EXERCISE #3 


1) In our system, we have available 
memory locations with addresses from Hex. 
(binary: _._.s*?DdXtoo: Hex. 
(Binary: ). 


2) In our system, we have available three ports: 
and 


9 


3) Ports A and B are. sib it ports and 
port C is an bit port. 


4) Write the address (in hexadecimal) of the: 
¢ Command Register: 
e Port A 
e Port B: 
® Port C: 


5) What number would you write on the Command 
Register of the 8155 in order to make: 


e the timer section non-functional 
e Port A to work as output port. 
e Port B to work as input port. 


e Port C to work as input port. 


STACK POINTER 


Another important thing we must do in order to 
complete the initialization program is to load the stack 
pointer register with the first address of the stack. The 
instruction set of the 8085 has one instruction that 
allows us do this in a very simple way. The mnemonic 
for this instruction is LXISP and the operation code 1s 
the hexadecimal number 31. 


WRITING THE 
INITIALIZATION PROGRAM 


Now we are almost ready to write our initialization 
program. But, before doing that, we are going to 
consider some important things needed to write any 
kind of program. 
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WHEN WRITING A PROGRAM, FOLLOW THESE 
THREE STEPS: 


1) Define the objective of the program. 

2) Make the flow chart of the program. 

3) Write the program showing the memory 
location and the data in that location. 


Let us say, for example, that we want to write an 
initialization program in order to make the three ports 
of the 8155 work as output ports, in order to enable the 
stack pointer and to put the internal timer of the 8155. 
out of use. Follow the three steps described below: 


1) Define the objectives of the Initialization 
program: 

a) To program the command register of the 8155 
to enable the three ports to work as output ports and to 
disable the internal timer. To accomplish this, we must 
write the number 00001111 (hexadecimal: OF) in the 
command register. 

b) To load the stack pointer with the address of 
the highest memory location reserved for the stack. In 
order to do this, we are going to assign the first address 
of the stack, the last memory location of our memory 
capabilities, which is address #256 (Hexadecimal: FF). 
Thus, if the stack needs more locations in memory, it 
will use the next lower address (255 and then if it is 
necessary 254, etc.). Therefore, we have to remember 
not to use these address in the rest of our program 
because they are reserved for the stack. In our 
program, we will reserve addresses 246 through 256 for 
the stack. 

2) Make a Flow Chart of the Initialization 
Program: 
The flow chart of the Initialization Program will have 
two blocks as shown in figure 6. 


LOAD COMMAND REGISTER 
OF THE 8155 WITH THE 
NUMBER 00001111(OF) 


LOAD STOCK POINTER 
WITH THE MEMORY 
ADDRESS (256) FF. 
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We cannot load the Command Register directly with 
the desired number. In order to do it, we must first 
load this number in the accumulator (A Register) of the 
8085 and then ‘“‘output’’ the contents of the accumula- 
tor to the Command Register of the 8155. So our flow 
chart will have the following blocks: 


FLOW CHART OF THE INITIALIZATION PROGRAM 


LOAD ACCUMULATOR 
WITH NUMBER 
00001111 (OF) 


OUTPUT ACUMULATOR 
TO PORT ADDRESS 00 


(COMMAND REGISTER) 


LOAD SP WITH 
THE MEMORY 
ADDRESS FF 


FIGURE 7 


In this case, the initialization program defines the 
ports as input or output ports, defines the operation 
mode of the internal timer and load the SP Register. 


3) Write The Program. 
Now you are ready to write the initialization 


program. We will write the address and data in 
hexadecimal numbers: 


INITIALIZATION PROGRAM 
Memory Location _Instruction Code 
00 3E 
01 OF 
02 D3 
03 00 
04 31 
05 FF 
06 00 


EXPLANATION OF THE 
INITIALIZATION PROGRAM 


Refering to the instruction set of the 8085, we see 
that there are 16 load instructions. We will use the one 
with operation code 3E. This instruction tells the 
microprocessor to load the data, contained in the next 
memory location of the program into the accumulator 
(A Reg). Thus, in memory location, 

00 we put 3E (0011 1110) 
and in memory location, 

01 we put OF (0000 1111) 
which is the number we want to eventually load into the 
Accumulator. 


The instruction set of the 8085 has only one output 
instruction, D3. Therefore in memory location 
02 we put D3 (1101 0011). 
Which outputs the contents of the accumulator (A Reg.) 
to the port whose address is in the next memory 
location, which is 03. 


Now, in memory location 
03 we put 00 (0000 0000) 
Therefore, after this, the contents of the accumul- 
lator is transfered to the Command Register of the 
8155. 


We have now completed steps A and B of our flow 
chart. 


To complete step C, we need to use another load 
instruction. This time we use load instruction op code 
31, which will load the stock pointer register with the 
contents of the next two 8-bit memory locations of the 
program. Thus, in memory location 

04 we put 31 (0011 0001) 
Now in memory location 

05 we put FF (1111 1111) 
and in memory location 

06 we put 00 (0000 0000) 
NOTE: In the Stack Pointer we want the address 0OFF 
H, which is memory location 256 (decimal). You will 
note that the binary 256, when using 16 bits, is 0000 
0000 1111 1111. Notice, that we put the lower order 
byte (8-bits) in the first memory location (05), and the 
higher order byte in the second location (06). At this 
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point we must mention that every time you name a 
memory location in your program you must give the 
16-bit address as above. You will get experience doing 
this in Unit 4 of this course. 


Now, the next step will be to write this program in 
the memory of the system using the programmer. 


PENCIL EXERCISE #4 


1) The three steps to design any program are the 
following: 
® Define the of the program. 
¢ Make the lf the 
program. 
e Write the program identifying the memory 
and the 


2) The objective of the initialization program is to 
program the ___ off thee 
8155 in order to enable the three ports to work as output 
ports and to disable the timer. We do this by writing 
the number OF in the Command Register of the 
. Also through the initialization pro- 
gram we want to load the 
with memory location 256 (Hex :FF). 


3) Complete the flow chart of the initialization 
program already explained: 


FLOW CHART 
OF THE INITIALIZATION PROGRAM 


Page 30 


4) Write the initialization program: 


Memory Location Data Mnemonic 


NOTE: 


Now that you understand a little better about the internal 
architecture of the 8085 Microprocessor and about 
initialization program, let us see how we can use the 
programmer to write and to red programs, in, and from 
memory. Before doing this, let us discuss some special 
caracteristics of the Displays of the Micro-Mentor System. 


THE MICRO-MENTOR DISPLAYS 


The programmer board of the Micro-Mentor System has two 
displays, the hexadecimal display and the binary display. 

The hexadecimal display is a two-digit display made up of two 
seven-segment displays mounted on the same base and it is 
located on the upper right side of the programmer board. 

The binary display is made up of eight LEDs and it is located 
in the upper left side of the programmer board. 

The data will be shown simultaneously on both displays. The 
hexadecimal display will show the data in hexadecimal digits 
(0 to F) and the binary display will show the data in binary 
digits (0 or 1). A lit LED will represent a"1" and an off LED 
will represent a "0". 

The hexadecimal display will show the letters A. to F with the 
following symbols: 


E 
blank 


Nrnoandw p 
mC un 


You will get familiar with these symbols very soon after 
working with the system for a while. 
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HOW TO USE THE PROGRAMMER 
TO WRITE PROGRAMS 
IN MEMORY OF THE SYSTEM 


After you have written your program on a paper, the 
next step will be to write it in memory of the system 
using the programmer. We will now explain how to do 
that. 


MICRO-MENTOR PROGRAMMER BOARD 


age 


J 
Hegre) Ere 


© 
FOL: 
On: 


Let us say that we want to write in memory the 
initialization program already explained. 


Figure 8 shows our computer system with the 
names of the switches, pushbuttons and connectors and 
figure 9 shows the program that we want to write in 
memory of the system. 


MICRO-MENTOR PROCESSOR BOARD 
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INITIALIZATION PROGRAM 


Memory Location 
00 
01 
02 
03 
04 
05 
06 


The following steps will guide you to write the above 
program or any other program into the system. 


Step 1. Connect the ribbon cable between socket J1 of 
both boards (programmer and processor) with the beveled 
edge pointing in the right direction, as shown in the "EKI 
Micro-Mentor Interconnection Chart". 

Note: If the connectors of the ribbon cables do not have 
the beveled edge, connect them to the sockets with the 
colored wire toward the top of the board. 


STEP 2. Set switch S1 on the processor board in the 
"RESET" position. 


STEP 3: Give power to the system. This means connect 
the power wires of both boards to a five-volt regulated 
power supply. (Make these connections firmly, because if 
the power supply disconnects, you will lose the program 
you have written in memory). 


STEP 4: Punch on the keyboard the number of the first 
memory location of the program you want to write, in our 
case "00". Then press the "ADDRESS" pushbutton to latch 
this memory location. 


STEP 5: Punch on the keyboard the data that you want 
to write in the latched memory location, in our case "3E". 
Then press the "WRITE" pushbutton to write this data in 
the memory location. 

NOTE: At this point you have the data "3E" stored in 
memory location "00". 


STEP 6: Punch on the keyboard the number of the second 
memory location of the program, in our case "01". Then 
press the "ADDRESS" pushbutton to latch this memory 
location. 


Data 
3E 
OF 
D3 
00 
31 
FF 
00 


STEP 7: Punch on the keyboard the data you that want to 
write in the latched memory location, in. our case "OF". 
Then press the "WRITE" pushbutton to write this data in 
the memory location. 

NOTE: At this point you have the data "3E" stored in 
memory location "00" and data "OF" stored in memory 
location "01". 


STEP 8: Continue with the above descrited process until 
you have all the above program written in memory. 


HOW TO USE THE PROGRAMMER TO READ 
FROM MEMORY. 


When you have all your program written in memory, the 
next step to do is to read the program from memory to 
verify that it is written correctly. 

Let us say for example that the initialization program 
shown in Fig. 9 of page 9 is written in memory and now 
we want to verify that it is indeed correctly written. The 
following steps will guide you to verify this program or 
any other program written in memory. 


NOTE: Be sure that the ribbon cable is connected between 
both boards, that the "RESET" switch S1, cn the processor 
board, is in the "RESET" position and that power is applied 
to the the system. 


STEP 1: Punch on the keyboard the number of the first 
memory location you want to read, in our case "00". Then 
press the "ADDRESS" pushbutton to latch this memory 
location. 
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STEP 2: Press the "WRITE" pushbutton and as you do 
this, the data contained in the selected memory location will 
be shown on the displays. The data will remain showing on 
the displays while the "READ" pushbutton is pressed. In 
our case, if the program was correctly written in memory, 
as you press the "READ" pushbutton the data "3E" will be 
shown on the displays. 


STEP 3: Punch on the keyboard the number of the next 
memory location you want to read, in our case "01". then 
press the "ADDRESS" pushbutton to latch this memory 
location. 


STEP 4: Press the "READ" pushbutton and as you do 
this the data contained in the latched memory location will 
be shown on the displays. 


STEP 5: Continoue with the above described process 
until you read (verify) all the memory locations of the 
program. 

NOTE: If you find that the data contained in any of the 
memory locations is wrong, you just REWRITE that 
memory location with the CORRECT data. 


QUIZ 


1) The._++_-—E—S—O— chip has seven general 
purpose registers which are named: A, B, C, D, H and 


2) The Accumulator, also called 
register, is the most important register. 


3) The instruction set of the 8085 has five different 

groups of instructions, they are: 
instructions. 
instructions. 

. instructions. 
instructions. 
instructions. 


4) In our system we have available 
memory locations with addresses from ———______to 


5) Write the address (in hexadecimal) of the: 
¢ Command Register: 
e Port A: 
e Port B: 
e Port C: 


6) What number would you write in the Command 
Register of the 8155 in order to make: 

¢ the timer section unfunctional. 

e Port A to work as input port. 

¢ Port B to work as output port. 

¢ Port C to work as input port. 


7) In the initialization program explained in this unit 
the instruction 3E located in memory location 00 load 
the ______________ register of the 8085 with the 
number OF. 


8) In the initialization program explained in this unit 
the instruction located in memory location 

sends the contents of the accumulator to 
the Port A (address OT.) 


9) In the initialization program explained in this unit 
the instruction located in memory 
location __ toad the Stack Pointer with 
the address 256. 


10) The three steps to design any program are the 
following: 

¢ Define the ___________ of the program. 

e Make the ——_________________of the 
program. 

ed othe «program identi- 
fying the memory address and the data. 
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INTRODUCTION 


In the last part of Unit Ill you learned how to write 
programs in memory and how to read them back 
(verification) by using the programmer board. If you do 
not remember the above procedures please read 
again pages 8, 9 and 10 of Unit Ill. 


In this Unit we will show you some simple 
programs to give you practice and experience using 
the Micro-Mentor System. Each program will 
include the following sections: 


- Purpose of the program 

- Complete flow-chart 

- Objective Program 

- Additional circuitry required 

- Explanation of the Program 

- Entering and Running the Program 


We expect you to study each sample program 
carefully until you understand its logic sequence and 
then enter and run the program on the system. 


STEPS TO SUCCESSFUL 
OPERATION OF THE SYSTEM. 


We recommend you to follow the following steps 
every time you decide to work with any of the sample 
programs. 


STEP 1: Read the purpose of the program. 


STEP 2:Look at the Flow Chart, the 
objective program and the additional 
circuitry required. 


STEP 3: Read carefully the explanation of 
the program, referring to the Flow 
Chart, objective program and additional 
circuitry . The explanation of the first 
programs will include a useful "Register / 
Ports Data Transfer Chart" which will help 
you to visualize the movement of data 
among the different registers and ports 
of the system. 
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STEP 4: Build the required additional 
circuitry on the solderless breadboard 
following the schematic diagram 
provided. Verify that all the connections 
are done correctly and remember that the 
smallest mistake in the additional circuitry 
will cause the program not to run properly. 
Bemember: computers always need the 
right software combined with the 
right circuitry (hardware) to run 
properly. 


STEP 5: Enter and Run the _ program 
following the guidelines cf the section 
called “Entering and running the 
Program”. 


TROUBLESHOOTING 
SUGGESTIONS 


lf the program does not run properly, remember 
that all the sample programs and additional circuitry in 
the book were tested and they work fine. Therefore, if 
the program does not run, follow these 
troubleshooting steps: 


A - Check the additional circuitry looking for incorrect 
interconnections. If you seem to find no mistakes 
on it, have your teacher or another pe’son double 
check it for you. 


B - Once you are sure the additional circuitry is OK, 
reset the processor board by using switch S1. 
Connect the ribbon cable cominc from the 
programmer board to socket S1_ on the processor 
board and read back the program, verifying that it is 
written correctly in memory. If you find that the 
program that you previously wrote in memory is 
completely altered or that only sorne memory 
locations were altered, fix the problem by rewriting | 
the memory locations that do not have the correct. 
data. Once you are done, READ THE WHOLE 
PROGRAM AGAIN, VERIFYING THAT YOU HAVE 
THE RIGHT DATA IN THE RIGHT MEMORY 
LOCATIONS. 
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C- Once you are sure that your program is written 
correctly in memory, put switch 
$1 in the Run position and the program should 
run. If your program still does not run properly 
and you are sure that both boards of the Micro- 
Mentor System (programmer and processor) are 
properly assembled, contact a teacher or the 


Service Department of EK]. 


EKI Service Department (714)-859-1948 
22732 Granite Way, Building B 
Laguna Hills, CA 92653 


THE EKI MICRO-MENTOR SYSTEM 
OPERATIONAL BLOCK DIAGRAM 


In the first three units of this manual we 
described and explained the operation of the EKI 


Page 35 


Micro-Mentor Microprocessor System. In doing so, 
you were introduced to a whole new terminology. You 
heard about registers, ports, flags, data, instructions, 
stack pointer, program counter, initialization, etc. Of 
course you do not have to remember everything you 
Studied in the previous units of the course to 
understand and use the sample programs. But, it is 
essential that you understand the basic configuration 
of the system you are working with, in order to 
understand its programs and operation. 

The next drawing shows the basic configuration of the 
EKI Micro-Mentor System, showing the operational 
blocks ( registers, ports, memory, etc.) that are 
available to the user of the system. Of course, our 
system has lots of operational blocks that are not 
shown in the basic configuration diagram, but you do 
not need to use them when programming the system. 
You do not work directly with them. The system, by 
itself, made use of them when performing the 
programs. 


OPERATIONAL BLOCK DIAGRAM 


8085 MICROPROCESSOR 
(ACCUMULATOR) 
REG. 


Rte. 
REG. 


STACK POINTER 
REG. 


8155 SUPPORT CHIP 


RAM COMMAND STATUS REG. 
EMORY ADR.00 


206 
PORT A 
Memory; 
Locations Adr. 01 
0000 - Q00FF 


PORT B 
Adr. 02 


PORT C 
Adr. 03 


PROGRAMMABLE 
TIMER 


Fig. 1 
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MICRO-MENTOR OPERATIONAL BLOCK 
DIAGRAM EXPLANATION 


1- The EKI Micro-Mentor System has_ two 
major operational blocks, which are, the 8085 
Microprocessor, which is the Central Processing Unit 
of the system, and the 8155, which is the support chip 
of the system. 


2- The 8085 Microprocessor has_ eight 
registers availables to the user. They are: A register 
also called accumulator, B reg. C reg, D reg, E reg, H 
reg, L reg, and the Stack Pointer. These registers are 
nothing else than simple memories where data can be 
stored by the user. Registers A through L are 8 bit 
memories and the stack pointer is the 16 bit memory. 

The stack pointer is always loaded with an 
address from the RAM section, in most cases the last 
address of the system. In our case FF and it allows the 
microprocessor to execute Call and Return 
instructions. 

Any program, even the simplest, will make use of 
at least one or two registers of the 8085. 


3- The 8155 support chip has_ the following 
blocks: 


- 256 RAM Memory locations where the 
programs are written and stored. 

- An 8 bit register (memory) called Command 
Status Register, which controls the operation of 
the Ports (either as input or output ports) and the 
timer according to the data loaded on it. The 
address of the Command Status Register is 00. 

- Three Programmable Ports that can work 
either as output or input ports according to the 
binary number loaded in the Command Status 
Register. Port A and B are 8 bits ports and Port C 
is a 6 bit port. The address of Port A is 01, the 
address of Port B 02 and the address of Port C is 
03. 

- A programmable timer which is controlled 
through the Command Status Register. 


NOTE: It _is important that you do not confuse 
n ith regi n Even 


though they share the same letters in their names, 
they do not have any special interrelationship with 
each other. For example: Port A is an 8 bit port 
which is in the 8155 IC and it is use to interchange 
data with the outside world. On the other hand, 
register A is an 8 bit memory which is in the 8085 
microprocessor and it is used to store an 8 bit 
binary number for a certain software purpose. 


In the next sample programs you will see how the 
blocks of the Basic Configuration Diagram are used 
to perform the program. 
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IMPORTANT NOTE ] 


Now you are ready to work with sample 
program 1 which is the simplest program in 
our course. Please DO NOT SKIP THIS 
PROGRAM. If you understand how this 
program works you will understand all the 
others, which are more complex. 
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SAMPLE PROGRAM 1 4- Load A register with contents of Port A. 


5- If Port A is all zeros then go to Loop 1 of the 
TURNING ON LEDs. program, which will turn OFF the LEDs. 
Port C when you push a switch connected to port A. program, which will turn ON all the LEDs. 
It will turn OFF the set of LEDs when the switch is released. 


THE LOGIC OF SAMPLE PROGRAM 1 | NOW SKIP TO PAGE 7 AND READ THE 
Peete Ora ane as POUPONs: " EXPLANATION OF SAMPLE PROGRAM 1" 
raid Aa vaten ell aeabs WHILE REFERRING TO THE FLOW CHART 
3- Load B register with 00 (0000 0000). BELOW. 


FLOW CHART OF SAMPLE PROGRAM 1 


INITIALIZATION 


Program Ports A and B as Input ports and 
Port C as Output Port. STEP 1 
Load Stack Pointer Register 


Load B register with 00 STEP 2 
Input Port A to A register 


Subtract 
A-B 


(LOOP 1) 
Turns LEDs OFF 


(LOOP 2) 
Turns LEDs ON 


STEP 5 STEP 8 
Load A register with 00 Load A register with FF 
STEP 6 STEP 9 


Output A register to port C Output A register to Port C 


STEP 7 STEP 10 
Jump to Step 3 Jump to Step 3 


Fig 2 


For reference while reading "Explanation of Sample Program 1" on pages 7 - 11 
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STEP 
1 
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OBJECTIVE PROGRAM OF SAMPLE PROGRAM 1 


Kind: 

I : Instruction (8 bits) 

N: Number (8 bits) 

AC: Addr. of Comm. Status Reg. (00)-8bits 
AH: High-order bits of a memory location 
AL: Low-order bits of a memory location 


APA: Address of Port A (01)-8 bits. 
APB: Address of Port B (02)-8 bits. 
APC: Address of Port C (03)-8 bits. 

NOTE: You will want to remember that memory locations 
Letty 16 bit addresses. The three ports A, B,and C have 


bit addresses. Also the Command Status Reg. has an 
8 bit address. 


MEMORY LOC. DATA Kind MNEMONIC 


3E (3k) 
OC (04) 
D3 (£3) 
00 
31 
FF 


01 
02 
03 
04 
05 
06 
07 
08 
09 
OA (0 c) 

B (0 3) 
OC (0) 
D (0 £) 
E (0 f) 


OF 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1A (10) 


3E (3 k) 
00 

D3 ( £3) 
03 
C3 ( 43) 
09 
00 
E (3 £) 
FF 


1B (13) 3 (£3) 
1C (1u) 03 
D (15) C3 (43) 
E (5b 09 


1F 00 


Dee eee ee ee 


MVI,A (8) 


Out (port) 

Initialization 
LX! SP (16) 
MVI, B (8) load Port B 

with 00 

IN (port) Irput Port A 

tc A reg. 
SUBB 
JZ (adr) 

Subtract B reg. 


from A reg. and 
go to Loop 1 or 


JNZ (adr) e 


MVI, A (8) 


LOOP 1 


OUT (port) Turn OFF LEDs 
on Port C. 
Jump to Step 3 
Jump (adr) 
MVI, A (8) 
LOOP 2 
Out (port) Turn ON LEDs 
ori Port C. 
Jump to Step 3 


Jump (Adr) 
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REGISTER / PORT DATA TRANSFER CHART 


This chart shows you the status(or contents) of the registers and ports as each 
step of the program is completed. 
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A Reg B Reg Command Status Reg. Port A Port C Zero Flag 


00001100 _ 00000000 Tri-State 


00001100 
00001100 


00000000 


00000000 
00000000 
00000000 


00000001 
00000001 
11111111 


11111111 


00000000 


00000000 
00000000 
00000000 
00000000 


00000000 
00000000 
00000000 
00000000 


00001100 
00001100 


IF GO SWITCH IS NOT PRESSED 


00001100 
00001100 
00001100 
00001100 


IF GO SWITCH IS PRESSED 


00001100 
00001100 
00001100 
00001100 


00000000 
00000000 


00000000 
00000000 
00000000 
00000000 


00000001 
00000001 
00000001 
00000001 


Tri-State 


Tri-State 


Tri-State 
Tri-State 


Tri-State 


0000000 


LED'S OFF 


000000 
000000 
000000 
111111 


COMPARE THIS CHART TO THE OBJECTIVE PROGRAM 


Tri-State means neither High nor Low. Thus, it is not putting out anything. The TTL IC 7407 connected to the 
output of Port C will assume a High and turn ON the LEDs for an instant. You will not see this because the program runs 
So fast that it will turn them OFF again on Step 6. 


SPECIAL NOTE: Itis important to know that the low order bit on the ports of the Processor Board is on the left 
side, as shown below. 


PORTA 


DATA 
= -—sx’=—«OO00 0001 


HI LO LO LO LO LO LO LO 
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PREPARING THE PORTS TO RUN 
SAMPLE PROGRAM 1 


In this program we use only two of the three ports 
available on the system, Port A and Port C. Port A is 
working as input port and Port C is working as 
output port. 

Through Port A we input the "GO" switch which 
runs the program. 

Port C is the output of our system. Six LED's are 
connected to’ its pins through six "YES" gates 
(working as buffers) contained in the 7407 IC (see 
schematic). Therefore, every time we output a binary 
number through Port C, the LED's will turn ON or OFF. 
A “high" (1) on any bit of Port C will cause the LED to 
turn ON, a “low" (0) will cause the LED to turn OFF. 


PORT WIRING SCHEMATIC FOR SAMPLE PROGRAM 1 


PORTA 


EXPLANATION OF SAMPLE 
PROGRAM 1. 
STEP 1 
Refer to the Objective program , Registers/ Port 
Data Transfer Chart (page 6) and Flow chart (page 4) 
-as you read these explanations. 
You should understand the initialization part of 
the program (Step 1 of Flow Chart and Objective 
Program) because it is similar to. the one already 
explained in Unit Ill (pages 3 to 6 of Unit Ill). The only 
difference is that in this case we load the Command 
Status Register of the 8155 (C/S Reg) with the binary 
number OC: 0000 1100. With this number in the C/S 
Reg., the timer section of the 8155 will not function ( 
we do not need the timer in this program), Ports A and 
B will work as input ports and Port C as an output port. 
Therefore, in memory location 00, we put the 


R2 


R2 - R7: 220 ohms 45 
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WIRING UP PORTS A AND C FOR SAMPLE 
PROGRAM 1 
Now, using the provided materials and a 
solderless breadboard, build the additional circuitry 
shown in the next picture and interconnect it to Ports 
A and C as shown in the diagram. 


NOTE: Do not forget to connect bits A1- A7 of Port A 
to ground and provide the power connection for the 
7407 IC (pin 7 : negative, pin 14: + 5 volts). For this 
purpose you can use the same power supply that you 
are using to power the Micro-Mentor System. 


ay 


instruction 3E (move inmediate to A reg) which 
instructs the microprocessor to load the data 
contained in the next memory location of ihe program 
(01) into the A register (accumulator). 


In memory location 01 we have the data OC (0000 
1100) which we want to load into the A register. The 
loading of the A register with the number OC (0000 
1100) is represented in line 1 of the "Register/Ports 
Data Transfer Chart”. | 


In memory location 02, we have the instruction D3 
(output contents of A register, port) which instructs 
the microprocessor to output the contents of the A 
register to the port whose address is in the next 
memory location (03). 
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EXPLANATION OF SAMPLE PROGRAM 1 
(CONTINUED) 


In memory location 03 we have the number 00, 
which is the address of the command Status Register 
of the 8155. Therefore the contents of the A register 
is loaded into the C/S reg. of the 8155. The loading of 
the contents of the A register (OC: 0000 1100) is 
represented in line 2 of the Register /Ports Data 
Transfer Chart. | 

With the number OC (0000 1100) loaded on the 
C/S reg. of the 8155, we have defined the operation 
of the timer and the ports as explained previously. 


In memory location 04 we have the instruction 31 
(Load Stack Pointer with, 16) which will load the Stack 
Pointer Register with a 16 bit binary number defined in 
the next two memory locations of the program (05 and 
06). The number that we will load into the Stack 
Pointer Register will be 00 FF, which corresponds to 
the last RAM memory location available in the RAM 
memory of our system. 


NOTE: Please note that when defining memory 
locations in the objective program, you have to use a 


four digit hexadecimal number (16 bit binary number) 


in our case OOFF (0000 0000 1111 1111) and that the 
last two digits of the address (FF) must be written in 
the first memory location (05) and the first two digits of 
the address (00) must be written in the last memory 
location. 

The loading of the Stack Pointer Register with the 
number OOFF is not shown in the Register/Ports Data 
Transfer Chart because this register will never change 
its contents during the entire 


At this point, we have completed the initialization 
part of our program, Step 1 in the Flow Chart and 
objective program. So far, we have the A register of 
the 8085 loaded with the number OC (0000 1100) 
and the C/S register of the 8155 loaded with the same 
number OC (0000 1100), as you can see in the 
Register/Ports Data Transfer Chart. 

Remember that the main purpose of the 
initialization part of our program is to load the 
Command Status Register and Stack Pointer Register 
with the right binary number. We used the A register 
only as a tool to load the C/S register. 


NOTE: You will see that we put the Stack Pointer in 
: ! 


the last memory location which is common practice, 

But, in Sample Program 1 we do not really need the 
; he "Call" an 

"Return" in i ich require th k Pointer 
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PENCIL EXERCISE 1 


1- The purpose of the initialization part of our program 

is to load the Command Status Register of the 8155 

with the hexadecimal number (binary 
and the Stack Pointer 

Register with the hexadecimal number 

(binary ). . 


2- The loading of the Command Status Register is 
accomplished by using two different instructions. 
With the instruction we load the A 
register with the number OC and with the instruction 

we output (load) the contents of the A 
register to the Command Status Register. 


3- The instruction is used to load the Stack 
Pointer Register with the number OOFF. 


STEP 2 


In step 2 of the Flow Chart and the objective 
program, we load the B register of the 8085 with the 
number 00 (0000). We accomplish this by using the 
instruction 06 (Move immediate to B reg, 8) which is in 
memory location 07 of the program. The instruction 
06 instructs the microprocessor to load the data 
contained in the next memory location into the B 
register. Therefore, the number 00 (0000 0000) 
which is in memory location 08 will be loaded into the 
B register, as shown in Line 3 of the Register/Ports 
Data Transfer Chart. 


STEP 3 

At step 3, we input the binary number present at 
port A to the A register. We accomplish this by using 
the instruction DB which is in memory location 09. 


~The instruction DB instructs the microprocessor to 


load the A register with the binary number present at. 
the port whose address is defined in the next memory 
location of the program which is 0A. 

In memory location 0A, we have the number 01 
which is the address of Port.A. Therefore, step 3 will 
load the A register with the binary number present at 
port A. 

There are two possible binary numbers that can 
be present at port A. If the GO pushbutton is open, 
port A will have the binary number "0000 0000 (00 in 
hexadecimal) applied to it. If the GO pushbutton is 
pressed, a positive voltage (high or 1) will be applied 
to bit AO of port A through the GO switch. Therefore 
the binary number 0000 0001 (01 in hexadecimal) will 
be present at port A. 

Let's suppose that the GO switch is not pressed, 
and therefore the binary number 0000 0000 (00) is 
present in port A and loaded into the acumulator , as 
shown in line 4 of the Register/Ports Data Transfer 
Chart. 


Copyright © 1988, by Electronic Kits International Inc. 


EK] MICROPROCESSOR COURSE 
UNIT IV : Using the Micro-Mentor System 


STEP 4 


In step 4 we subtract the contents of B register 
from the contents of the A register (line 5). If the 
result of the subtraction is equal to zero, the program 
will go to step 5. But, if the result of the substraction is 
different from zero the program will go to step 8. 

We accomplish the above by using the 
instructions 90, CA and C2. | 
The instruction 90 (Subtract B reg. from A reg.) is in 
memory location 0B. 

The instruction CA ( Jump to address defined in the 
next two memory locations if zero flag set) is in 
memory location 0C. 
The instruction C2 ( Jump to the address defined in 
the next two memory locations if zero flag not set) is in 
memory location OF. 


NOTE: Zero Flag set means that a 1 will be stored in 
the zero Flag Register. Zero Flag not set or reset 
means that a 0 will be stored in the zero Flag register. 


Therefore, if the result of the substraction 
between B and A register is equal to zero, the zero 
flag of the microprocessor will be set and therefore 
the instruction CA, which is in memory location OC, will 
cause the program to jump to memory location 12. 

On the other hand, if the result of the 
substraction between the B and A register is different 
from zero, the zero flag of the microprocessor will not 
be set and the instruction C2, which is in memory 
location OF, will cause the program to jump to memory 
location 09. 


Now going back to line 4 of the Registers/Ports 
Data Transfer Chart, we see that the A register is 
loaded with the number 00 (0000 0000) and the B 
register with 00 (0000 0000). Therefore, the result 
from the subtraction A reg - B reg. will be equal to 
zero. The zero Flag will be set and instruction CA, in 
memory location OC, will cause the program to jump to 
memory location 12. 


STEP 5 

In memory location 12 (step 5), we have the 
instruction 3E (Move Immediate to A reg., 8) which will 
load the A register with the data contained in the next 
memory location of the program, which in this case is 
13. Therefore step 5 of the program will load the A 
register with the number 00, as shown in line 6 of the 
Registers/Ports Data Transfer Chart. 


STEP 6 

In memory location 14 (step 6) we have the 
instruction D3 (output contents of A register to , port) 
which will output the contents of the A register to the 
port defined in the next memory location. Memory 
location 15 contains the number 03 which is the 
address of port C. Therefore, step 6 of the program will 
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output the contents of the A register (00) to port C, as 
shown in line 7 of the Registers/Ports Data Transfer 
Chart. 


BINARY NUMBER 00 0000 ON PORT C 


Negative 
¥Yoltage 


viene VO saan ; 
Sane 


The binary number 0000 0000 on port C will cause 
all the LED's to be OFF, because a negative voltage will 
be applied to the anodes of the LED's 


STEP 7 


In memory location 16 (step 7), we have the 
instruction C3 (Jump to Adr) which instructs the 
microprocessor to jump to the memary location 
defined in the next two memory locations of the 
program, which are 17 and 18. 

Therefore, Step 7 will cause the program to jump to 
memory location 09, which is in Step 3 of the flow 
chart. 

Then, when the GO pushbutton is not pressed, the 
program will be in a closed loop (Loop 1) made up of 
Steps 3, 4, 5 6 and 7, the number 0000 0000 will be 
output through Port C and all the LEDs will be off, as 
shown in the flow chart on page number 43 (Fig. 5). 
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_ Now let us analyze what happens when the GO 
push button is pressed. So far we have our program 


in a loop shown in Fig.5 and a 0000 0000 on porn C. 


which causes all the LED's to be OFF. 

By pressing the GO push button you apply a 
positive voltage on pin AO of port A. Therefore, the 
binary number 0000 0001 will be present at Port A. 
As soon as our program, which is in Loop 1 , reaches 
memory location 09 (step 3), the instructions DB will 
input the binary number 0000 0001 to the A register, 
as shown in line 8 of the Registers/Ports Data 
Transfer Chart. | 

With the binary number 0000 0001 loaded on the 
A register, the result of the subtraction A reg - B reg. 
(step 4) will be different from 0, because: 

Areg -Breg. = 0000 0001 - 0000 0000 = 
0000 0001. 

The result of the subtraction A reg. - B reg will be 
loaded on the A register and the zero flag will not be 
set (0), as shown in line 9 of the Registers/Ports Data 
Transfer Chart. 

As the zero flag is not set, instruction C2 on 
memory location OF (step 4) will cause the program to 
jump to memory location 19. 


STEP 8 

In memory location 19 (step 8) of the program, 
the microprocessor finds the instruction 3E (Move 
Inmediate to A reg , 8) which will load the A register 
with the data contained in the next memory location of 
the program. The next memory location of the 
program is 1A which contains the number FF (1111 
1111). Therefore, step 8 of the program will load the 
number FF into the A register, as shown in line 10 of 
the Register s/Ports Data Transfer Chart 


STEP 9 

In memory location 1B (step 9) of the program, 
the microprocessor finds the instruction D3 (output 
contents of A register to, port) which will output the 
contents of the A register to the port defined in the 
next memory location of the program. The next 
memory location of the program is 1C and contains the 
number 03, which is the address of Port C. Therefore, 
in step 9 of the program, we output the contents of 
the accumulator, which is FF (1111 1111) to port C, 
causing all the LED's to turn ON,. as shown in line 11 
of the Registers /Ports Data Transfer Chart. 


STEP 10 


In memory location 1D (step 10) we find the 
instruction C3 (jump to address) which will cause the 
program to jump to the address defined by the next 
two memory locations. The next two memory 
locations of the program are 1E and 1F which contain 
the number 0009. Therefore, step 10 will cause the 
program to jump to memory location 09 and enter in 
another closed Loop which includes steps 3,4,8,9 
and 10 as shown on the Flow Chart. 
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INITIALIZATION 


Program Ports A and B as Input ports and 
Port C as Output Port. STEP 1 
Load Stack Pointer Register 


Load B register with 00 STEP 2 
Input Port A to A register 


Subtract 
A-B 


(LOOP 1) 
Turns LEDs OFF 


(LOOP 2) 
Turns LEDs ON 


STEP 8 


Load A register with FF 


Load A register with 00 


STEP 7 
Jump to Step 3 


Jump to Step 3 


As soon as the GO push button is released, the 
program will go back to loop 1 and all the LED's will be 
turned OFF. 

Therefore, when the GO push button is not 
pressed the program will always be on Loop 1, which 
causes the number 0000 0000 to be output on Port 
C, causing the LED's to be OFF. As soon as the GO 
push button is pressed the program enters in the 
Loop 2 which will cause the binary number 1111 1111 
to be output on Port C turning ON all the LED's. 


If you take a final look at the Registers/Ports Data 
Transfer Chart you will see that the Command Status 
Register and the B register, once loaded with data, 
never change their contents during the whole 
program. Of course, we want this to happen. 

The contents of the Command Status Register 
defines the operation of the Ports and timer and as 
we do not need to change this , it is necessary to keep 
the Command Status Register with the same data 
during the whole program. 
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EXPLANATION OF SAMPLE PROGRAM 1 
CONTINUED 


The B register was loaded with 00 (0000 0000) in 
order to have a constant number to perform the 
subtraction "A reg. - B reg.". In this manner, as the 
contents of the A register changes depending on the 
condition of the GO pushbutton (open or closed), the 
result of the subtraciton " A reg -- B reg" will depend 
on the condition of the GO switch also. | 


Now let us say one more word about the ports of 
the 8155. The three ports of the 8155 (A,B & C), 
when working as output ports, have latched outputs, 
which means that once a certain data is output 
through them that data will remain there until a new 
data is output. This means that even if the 
microprocessor is executing other instructions in 
another part of the program, the last data output 
through the port will still be there. 

Applying the above concept to our program, you 
can compare Port C with a switch. Once you turn the 
LED's ON through Port C, they will remain ON until 
you turn them OFF. Once they are turned OFF, they 
will remain OFF until you turn them ON. In sample 
program 1 you turn the LED's ON by pressing the GO 
pushbutton and you turn them OFF by releasing it. 


ENTERING 
PROGRAM 


AND RUNNING THE 


Now you are ready to enter and run the program 
in your system. The following steps will help you in 
doing so. 


STEP 1: Assemble’ the additional Circuitry. 
Assemble the additional circuitry on a 
solderless breadboard. as shown in Fig. 3, 
and interconnect it to the ports of the 
micromentor. Do not forget to install the 
wires to provide power to the IC (pin 7 and 
14). Once finished, check one by one all 
the connections to be sure that they are 
correct. 
Remember if the additional circuitry is not well 
wired the program will not run. 


STEP 2: Give Power to the System. Using a 
5 volt/500 MA regulated power supply (EKI 
552 or similar) give power to both boards of 
the Micro-Mentor System and to the 
breadboard where you have wired the 
additional circuitry. 


STEP 3 


STEP 4: 
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: Enter the Program into Memory. 


Connect the ribbon cable between sockets 
J1 of both boards (Programmer and 
Processor) with the beveled edge in the 
correct direction as shown in the EKI Micro- 
Mentor Interconnection Chart Sheet. Put 
the Reset/Run switch S1 on the processor 
board in Reset position. Get the objective 
program and start to write it in memory 
Starting from memory location 00, as. 
explained in Unit Ill (pages 8 and 9 of Unit IIl). 
As you write the first three memory locations 
of the program, stop and read them back to 
check if they were indeed written. If they 
were not, be sure that the ribbon cable 
connecting both boards is installed in the 
right sockets and with the beveled edge in 
the right direction. Also be sure that the 
processor board has power (5 volts) applied 
to it. Once you are sure that the first three 
memory locations were written into, go 
ahead and enter all the program. 


Verifying the Program ii1 Memory. 

Read the program from memory to be sure 
that it was correcity written as explained in 
Unit Ill (page 10 of Unit Ill). It is very 
important to verify that the program is 
correctly written in memory, according to 
the objetive program. If, when reading for 


verification you find out that a certain 


STEP 5: 


memory location does not contain the right 
data, rewrite that memory location only. You 
do not have to rewrite the whole program. 

We recommend to read the program two 
times to be absolutely sure that it is correctly 
written. Remember that if only one memory 
location does not have the right data in it the 
program will not run properly. 


Run the Program. Disconnect the 
ribbon cable from the socket J1 on the 
processor board. 

Move the Reset/Run switch to Run. 

Position. Press the GO switch, as you do 
that, all the LED's must turn ON. When you 
release the GO switch they have to turn 
OFF. 

The GO pushbutton is the one tha! actually 
runs the program. The Reset/Run switch is 
the one that initiates tt. Once the 
Reset/Run switch is set in the RUN position 
it has to remain there all the time the 
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program is being used. If for any reason you move the 
Reset/Run swtich back to the reset position, some of 
the memory locations may lose their data and 
therefore, in order to run your program again, you will 
have to reconnect the ribbon cable to socket J1 of the 
processor board and read all the program again, to be 
sure that it is correctly written in memory. If it is not, 
-rewrite the memory locations that contain incorrect 
data. 

If, for any reason, when running a program, you 
want to change the contents of some of the memory 
locations, you will have to move the Reset/Run switch 
to Reset position, connect the ribbon cable, change 
the data that you want to change, and then read all the 
program back before running it. 


Also, you can replace the GO pushbutton for a SPST 
switch. Then, with the switch closed the LEDs will 


remain ON and with the switch open the LEDs will 
remain OFF. 


PENCIL EXERCISE 2 


Make the necessary changes in Sample program 1 to 
produce the following results: 


A) GO pushbutton open (not pressed): 


O oO OO O O 9 
GO pushbutton pressed: 


oO @ oO 686 9 6 
B) GO pushbutton open (not pressed): 


@® 60 @ 0 6 0 
GO pushbutton pressed: 


oO @ oO 6 0 @ 


LEDOFF: © 


LEDON: @ 
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SAMPLE PROGRAM 2 
ADDING NUMBERS 


PURPOSE: This program adds the binary 
numbers present on Port A and Port B when the GO 
pushbutton is pressed, and puts the result of the 
addition on port C. 
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We have six LEDs connected to Port C to make a six 
bit binary display to read the result of the addition in 
binary. 

An optional schematic is also provided to replace the 
six LED's for a seven segment display which allows 
the reading of the result of the addition in hexadecimal 
digits. 


FLOW CHART OF SAMPLE PROGRAM 2 


INITIALIZATION 
Ports AandB : Inp., PortC: Out. | STEP 1 


Load B reg. with 3F. STEP 2 
Input Port A to A reg. STEP3 


COMPARE 
A-B 


Load C reg. with 7F 
Logically AND C reg and A reg 
Move cont. of A reg. to D reg. 


Input Port B to A reg. 


D reg. + A reg. 


STEP 5 


STEP 6 


STEP 7 


STEP 8 


STEP 9 


Output A reg. to Port C STEP 10 
Jump to Step 2 STEP 11 


Fig 6 
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OBJECTIVE PROGRAM OF SAMPLE PROGRAM 2 


Using the "Hexadecimal/Binary Conversion Chart” in symbol. For example, inside the parentheses at the right 
the "Programer's Guide For The EKI Micro-Mentor System" of memory location 0A, write( ). 
write inside the blank parentheses the equivalent display The above will help you to memorize the symbols. 


MEMORY LOC DATA MNEMONIC 


MVI,A (8) 
OC :00001100 


Out (port) 
STEP 1 C/S reg. 
S/P 


STEP2 |_ ee 
steps |. IN Por) 
01:PonA 
CMPB 
JC (adr) 
STEP 4 
, JNC (adr) 
| mvice 
STEP5 | | 8) 
steps ( ANA. C 
STEP7 (0 MOVD.A 
STEPS | | mypelt) 
02:PortB 
STEPS [| | ADD D 
STEP 10 | alpen 
JMP (adr) 
STEP 11 
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REGISTER/PORT DATA TRANSFER CHART 


line A reg B reg C reg D reg Port C 
1 00111111 
2 00000001 


when push button is pressed go to line 3 


3 10000001 00111111 

4 10000001 00111111 01111111 

5 00000001 00111111 01111111 

6 00000001 00111111 01111111 00000001 

7 00000010 00111111 01111111 00000001 

8 00000011 00111111 01111111 00000001 

9 00000011 00111111 01111111 00000001 000911 
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ADDITIONAL CIRCUITRY FOR 
SAMPLE PROGRAM 2 


In this program we make use of the three ports of the 
system. 

We use Port A and Port B as input Ports. Through 
them we inputthe numbers that we want to add. 

Port C is used as an output port. It has connected to it 
the six LED's that make our six bit binary display. On tt 
we will be able to read, in binary, the result of the 
addition (LED ON: 1, LED OFF: 0). 

Port A is also used to input the GO pushbutton, which 
is connected to bit A7. 

An optional schematic diagram to replace the six LEDs 
display for a seven segment display is also included. 
With it you will be able to read the result of the addition 
in hexadecimal digits. 
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To input the numbers through ports A and B you have 

to wire them up in binary by connecting the port bits 

that have to be Low (0) to ground, and the ones that 

have to be High (1) to the positive (+5 V). 
f r 


h 
low order bit of th AQ. B n the | 
nd the high or it (A7 i 
Therefore, have this in mind when wiring on the ports 
m n in 
the result, 


For example, let us prepare the additional circuitry to 
add the numbers 1 and 2. Let us wire number 1 (01: 
0000 0001) on Port A and number 2 (02:0000 0010) 
on Port B, as shown in the Additional Circuitry 
Diagram. 


ADDITIONAL CIRCUITRY for SAMPLE PROGRAM 2 


Number 01 wired on Port A | 


01: 0000 0001 = 


PORT C 


anes 


R2 - R7: 220 ohms 


R2 


Number 02 wired on Port B 
02: 0000 0010 


OPTIONAL DISPLAY CIRCUIT 


1 
2 
4 
a 
? 
g 
i909 «sd BF 
To Display FRD 309 
DISPLAY 
Fig. 7 
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EXPLANATION OF SAMPLE 
PROGRAM 2: 


Refer to the Flow Chart, Objective Program and 
Registers/Ports Data Transfer Chart as you read this 
explanation. 

STEP 1 

In the initialization part of our program (Step 1) we load 
the Command Status Register with the number 0C, to 
program Port A and Port B to work as input ports , and 
Port C as output port. 

Also with the number OC loaded in the Command 
Status Register we disable the timer. 

STEP 2 

In Step 2 we load the B register with the number 3F 
(0011 1111), as shown in line 1 of the Registers/Ports 
Data Transfer Chart. We will use this number in Step 4 
of the program to detect if the GO pushbutton is 
pressed or not. 

STEP 3 

In Step 3 we input Port A to the A register.. 

Let us suppose that you want to add the numbers1 
and 2 , and that the number 1 (01:0000 0001) is wired 
on portA, andthe number 2 (02:0000 0010) is wired 
on Port B. 

If the Go pushbutton is not pressed, in Step 3 we 
input the number 01 (0000 0001) to the A register, as 
shown in line 2 of the Registers/Ports Data Transfer 
Chart. 

STEP 4 

In Step 4 we compare the contents of the A register to 
the contents of the B register by using the instruction 
B8 (Compare B reg. with A reg.) which is in memory 
location OB of our program. 

The instruction B8 subtracts the contents of the B 
register from the contents of the A register and does 
not place the result of the subtraction on the A 
register but affects the carry flag according to the 
result of the subtraction. 

If the A register is smaller than the B register (A<B), 
the carry flag will be set. 

If the A register is larger than the B register (A>B), the 
carry flag will not be set. 

When the GO pushbutton is not always pressed, the 
contents of the A register will be smaller than the 
contents of the B register, regardless of the binary 
number that you have wired on Port A. 

For example, in our case, we have wired the number 
0000 0001 on Port A. Step 3 inputs this number to 
the A register and in Step 4 we compare this number 
0000 0001, which now is in the A reg, with the 
number loaded on the B register, which is 0111 1111. 
Therefore, A register will be smaller than B register, 
the carry flag will be set and instruction DA (Jump to 
adr. if carry flag set), in memory location OC, will cause 
the program to jump to memory location 09 (Step 3). 
Then the program is going to enter in an endless loop 
between Step 3 and 4 until the GO pushbutton is 
pressed. 
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When the GO pushbutton is pressed, the number 
present on Port A will be 1000 0001. This number is 
input to the A register in Step 3, as shown in line 3 of 
the Registers/Ports Data Transfer Chart, and then, 
the A register will be bigger than than the B register. 
The carry flag will not be set and the instrucction D2 
(Jump to adr. if carry flag not set), in mernory location 
OF, will cause the program to jump to mernory location 
12 (Step 5). 

STEP 5 

In Step 5 the number 7F (0111 1111) is loaded in the 
C register, as shown in line 4 of the Reg./Port Data 
Transfer Chart. 

STEP 6 

In Step 6 of the program, we logically AND the 
contents of the C register (0111 1111) with the 
contents of the A register (1000 0001). This is done 
by instruction A1 (Logically AND C reg. with A reg.) 
which is in memory location 14 of our program. The 
result of this operation, which is 0000 0001, is placed 
on the A register, as shown in line 5 of the Reg/Port 
Data Transfer Chart. 

This logically AND operation between the A register 
and the C register is done in order to eliminate the "1" 
from the A register which was introduced by the Go 
pushbutton in bit A7 before performing the addition 
between the number present on Port A, which is now 
in the A register, and the number present on Port B, 
which we will input later. 

STEP 7 

In Step 7 we move the contents of the A register to 
the D register, as shown in line 6 of the Reg./Ports 
Data Transfer Chart. We do this in order to save the 
number contained in the A register, which is one of 
the numbers that we want to add (01), because in 
Step 8 we are going to use the A register to input, 
from Port B, the other number that we want to add, 
which is 02. 

Remember that every time we want to input or output 
some data, we have to use the A register, and if we 
do not want to lose the data that we have on it, we 
have to transfer it to another register before 
performing the input or output operation. 

STEP 8 

In Step 8 we input the binary number present on port 
B, which is 02 (0000 0010) to the A register, as 
shown in line 7 of the Reg./Port Data Transfer Chart. 
STEP 9 

In Step 9 we add the contents of the D register 
(01:0000 0001) to the contents of the A register 
(02:0000 0010) and place the result of the addition, 
which is 03 (0000 0011) inthe A register, as shown in 
line 8 of the Reg./Ports Data Transfer Chart. 

The above addition is performed by instruction 82 
(Add D reg. to A reg.) which is in memory location16 of 


our program. —— 
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EXPLANATION OF SAMPLE PROGRAM 2 


STEP 5:Run the Program. Disconnect the 
Peer ribbon cable from the processor board. 
STEP 10 Move the Reset/Run switch to the Run 
position. Press and release the GO 
In Step 10 we output the contents of the A register, pushbutton, and as you do this the result of 
which has the result of the addition, to the Port C where the addition will be display on the six bits 
we have the LED 6 bit binary display, as shown in line 9 LED display. In this case we are adding the 
of the Reg./Ports Data Transfer Chart. Therefore the numbers 01 plus 02, therefore the number 
result of the addition will be shown, in binary form, by 03 (0000 0011) has to be display after you 
the LED display. press and release the GO pushbutton. Now 
you can change the numbers present on 
STEP 11 Ports A and B by wiring diferent numbers on 
these ports and as you press the 
In Step 11 the program jumps to Step 2 to start all over. pushbutton again the new result will appear 
on the display. 
ENTERING AND RUNNING 
THE PROGRAM. PENCIL EXERCISE 
1) Change the additional hardware to add the 
Now you are ready to enter and run the program in your numbers: 
system. The following steps will guide you in this 543 
procedure. 346 
8+4 
STEP 1: Assemble the additional circuitry. A +1 
Assemble the additional circuitry as shown B42 
in Fig 7. It is prepared to add the number 10+2 
01 (0000 0001) present on Port A, to the 1E+A 
number 02 (0000 0010) present on Port B. Run the system and get the result on the display 
Do not forget to install the wires to provide in each case. 
power to the IC (pin 7 and 14). Once 
finished recheck one by one all the 2) OPTIONAL. 
connection to be sure that there is not Disconnect the six bit LED display from Port C 
mistake in the wiring. and wire the circuit for the seven segment display and 


; perform the five first additions of Pencil Exercise 1. 
STEP 2:Give power to the system. Using a 5 


volt/500 mA regulated power supply (EK! 
552 or similar) give power to both boards of 
the Micro-Mentor System and to the 
breadboard where the additional hardware 
is wired. 


STEP 3: Enter the program into memory. 

Connect the ribbon cable between socket 

J1 of both boards of the Micro-Mentor. Put 

the Reset/Run switch on the processor 

board in the Reset position. Get the 
objective program and write it in memory. 


STEP4:Read the program from  =memory. 
Read the program from memory to be sure 
that it is correctly written and rewrite any 
memory location that contains wrong data. 
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SAMPLE PROGRAM 3 
SUBTRACTING NUMBERS 


PURPOSE: This program is similar to Sample 
Program 2 but it subtracts, when the GO pushbutton 
is pressed, the binary number present on Port B from 
the binary number present on Port A. The result of the 
subtraction is place on Port C, which has connected to 
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ita LED 6 bit binary display. 

A schematic is also provided to replace the six LED's 
for a seven segment display which allows the reading 
of the result of the subtraction in hexadecimal digits. 


FLOW CHART OF SAMPLE PROGRAM 3 


COMPARE 


STEP 4 


A>B 


Load C reg. with 7F STEP 5 


ogically AND C reg and Areg| STEP6 


Move cont. of A reg. to D reg. | STEP7 


Input Port B to A reg. STEP 8 


Move cont. of A reg. toe reg. | STEP9 


Move cont. of D reg. to Areg. |STEP 10 


Areg.-E reg. | STEP 11 


Output A reg. to Port C STEP 12 


Jump to Step 2 STEP 13 


Fig 8 
Copyright © 1988, by Electronic Kits International Inc. 


EKI MICROPROCESSOR COURSE 
UNIT IV : Using the Micro-Mentor System 


OBJECTIVE PROGRAM OF SAMPLE PROGRAM 3 


Note: Write the display symbols inside the blank 


DATA MNEMONIC 


parentheses. 


STEP 1 


STEP 2 t 
STEP 3 i 
STEP 4 | 
STEP5 : 
STEPS || 
STEP7 || 
STEPS i 
STEP9 || 
STEP 10 | 
STEP 11 | | 
STEP 12 i 
STEP 13 


‘MEMORY LOC 
00 


01 


MVI,A (8) 

OC :00001100 
Out (port) 

C/S reg 

S/P 


MVI, B (8) 


IN (port) 
01:PortA 
CMP B 
JC (adr) 


JNC (adr) 


MVI, C (8) 


ANA, C 
MOV D,'A 
IN (port) 
02:PortB 
MOVE, A 
MOV A,D 
SUBE 
Out (port) 
03: Port C 
JMP (adr) 


Fig. 9 
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ADDITIONAL CIRCUITRY FOR 
SAMPLE PROGRAM 3 


In this program we make use of the three ports of the 
system. 

We use Port A and B as input ports. Through them we 
input the numbers we want to subtract. 

Port C is used as an output port. It has connected to it 
the six'LED's that make our six bits binary display. On: it 
we will be able to read in binary, the result of the 
subtraction (LED ON:1, LED OFF:0). | 

Port A is also used to input the GO pushbutton, which 
is connected to bit A7. 

A schematic diagram to replace the six LED's display is 
also included. With it you will be able to read the 
results of the subtraction in hexadecimal digits. 


ADDITIONAL CIRCUITRY FOR SAMPLE PROGRAM 3 
PORT A. 


Number 08 wired on Port A 
08: 0000 1000 


PORTC 


R2 - R7: 220 ohms 


To Port C 
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To input the numbers that you want to subtract 
through ports A and B, you have to write them up in 
binary, by connecting the port bits that have to be Low 
(0) to ground, and the ones that have to be High (1) to 
positive (+5V). 

Be aware that on the programmer board you have the 
low order bit of the ports (A0, BO, CO) on the left side, 
and the high order bit (A7, B7, C7) on the right side. 
Therefore, have this in mind when wiring on the ports 
the numbers that you want to subtract. 

For example, if you want to subtract the numbers 8 
minus 3, Fig.10 shows the required wiring on ports A 
and B. 


PORT B 


#59¥ +97 - 


Number 03 wired on Port B 
03: 0000 0011 


OPTIONAL DISPLAY CIRCUIT 
" 


5 120 


12 "45 


rT | 
Lis 


i0 «=s«dWN BT 


To Display FND 309 
DISPLAY 
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EXPLANATION OF SAMPLE 
PROGRAM 3 


This program is completely similar to Sample Program 
2. The only substantial difference is that instead of 
using the instruction "82" to add the numbers, we use 
the instruction "93" to subtract them. 

Therefore, at this point of the course, you should 
have enough understanding of the matter and be able 
to analyze the program by yourself. 


~The best way to analyze a program is by building the 

Registers/Ports Data Transfer Chart. This chart will 
show you, step by step, how the program is 
performing the difFerent tasks until the final purpose 
of it is accomplished. 


PENCIL EXERCISE 


Construct the Registers/Port Data Transfer Chart of 
Sample Program 3 by using the Flow Chart and 
Objective Program as guide. 

In your Registers/Ports Data Transfer Chart show 
Registers A, B, C, D and E and Ports A, B and C. 


ENTERING AND RUNNING 
THE PROGRAM. 


Now you are ready to enter and run the program in 
your system. The following steps will guide you in this 
procedure. 


STEP 1:Assemble the _ additional circuitry. 
Assemble the additional circuitry as shown 
in Fig 10 __. It is prepared to subtract the 
number 03 (0000 0011) present on Port B, 
from the number 08 (0000 1000) present 
on Port A. Do not forget to install the wires 
to provide power to the IC (pin 7 and 14). 

Once finished recheck one by one all the 
connection to be sure that there is not 
mistake in the wiring. 


STEP 2:Give power to the system. Using a 5 
volt/500 mA regulated power supply (EKI 
552 or similar) give power to both boards of 
the Micro-Mentor System and to the 
breadboard where the additional circuitry is 
wired. 
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STEP 3:Enter the program in memory. 
Connect the ribbon cable between socket 
J1 of both boards of the Micro-Mentor. 
Put the Reset/Run switch on the processor 
board in the Reset position. 
Get the Objective Program and write it in 
memory. 


STEP 4:Read the program from memory. 
Read the program from memory to be sure 
that it is correctly written and rewrite any 
memory location that contains wrong data. 


STEP 5:Run the Program. Disconnect the 
ribbon cable from the processor board. 
Move the Reset/Run switch to the Run 
position. Press and release the GO 
pushbutton, and as you do this the result of 
the subtraction will be display on the six bits 
LED display. In this case, we are subtracting 
the numbers 08 minus 03, therefore the 
number 05 (0000 0101) has to be displayed 
after you press and release the GO 
pushbutton. 

Now you can change the numbers present 
on Ports A and B by wiring different 
numbers on these ports, as you press the 
pushbutton again the new result will appear 
on the display. 


PENCIL EXERCISE 


1) Change the additional circuitry to perform the 
following subtractions: 
5-3 


Run the system and get the result on the display 
in each case. 


2) OPTIONAL. 

Disconnect the six bit LED display from Port C 
and wire the circuit for the seven segment display and 
perform the five first additions of Pencil Exercise 1. 
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SAMPLE PROGRAM 4 
DELAY PROGRAM. 


PURPOSE: 


Use the internal timer to create a delay. This useful 
program can be used as a subroutine program and it 
will help you every time you need to produce a delay. 
Let us Say, for example, that you want to turn on 3 
LEDs sequentially. In order to do this, you will have to 
turn on the first one, then cause a delay (by using your 
delay program) and then turn on the second one and 
cause a delay again, and then turn on the third one 
and cause a delay again. 


This delay program uses the internal programmable 
timer of the 8155. In order to understand how this 
timer works, read the following explanation. 


INTERNAL TIMER OF THE 8155 


The internal timer of the 8155 is a 14 bit count 
down counter that counts the "Timer in" pulses that 
arrive at the 8155 through pin 3 (Timer In) and 
provides either a square wave or pulse when the 
counting is completed. 


The timer may be loaded with any number 
between 002 and 3FF. Let us say, for example, that 
we load the timer with the hexadecimal number 008 
and we program it to give a single pulse when the 
counting is completed. The timer will start to count 


down with each input pulse on pin 3. When the timer 


receives 008 (8) pulses, it will then provide a Low 
(negative) pulse at the output pin (#6). 


In order to use the internal timer, you have to 
program it. To do this you have to load data into the 
registers with addresses 04 and 05 and you start and 
stop the timer by programmming bits 6 and 7 of the 
Command Status Register. Using the registers with 
addresses 04 and 05 you can program the timer 
output mode and the length of the counting. See 
Figure 11. 
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REGISTERS OF THE'8155.- 


00 Pt f ty ft fd o Comand Status Register 


© fees pf 

,SRRERERE =o 
A TTTTTTt pageeer 

refvansfaehrapng [re 


TIMER MODE —-MSB OF CNT LENGTH 
Output Mce. | 


Figure 8 


For example, if you want your timer to countdown 
from 14 to 00, you will have to write the number 14 in ‘ 
binary, in the LSB (Least Significant Bits) and MSB 
(Most significant Bits)registers of the 8155. In the 
LSB register we write the eight low-order bits of the 


number and in MSB register we write the six high- TIMER OUT WAVEFORMS 
order bits of the number. Therefore, to make the timer . 
count down from 14 to 00 we will write the following in START TERMINAL - TERMINAL 
the LSB and MSB registers: COUNT COUNT COUNT 
M’ M? 
8 LOW-ORDER BITS 0 0 i Sicie.:. , | 
‘Square Wave an ee Goa Sn ee a re 
LSB /0/0j0]1}0]1}0}0 — ° 
0 1 2. Continuous 
6 HIGH-ORDER BITS a eee RR Serene SR 


w 


msp[_] [o[o[o[o[o[o CR ot en pe ee 


Terminal 


1 1 4, Continuous | 
14 = 000000 00010100 Pulses a: | a C aa 
By programming the two highest -order bits of the 
MSB register, we define the timer output mode. We The four possible modes of operation FOR THE TIMER 
will discuss more about this later on. Fig 12 shows in the 8155 and the waveforms present in the 
the four possible output modes of the timer. timer out output. 


In our sample delay program we will use output 
mode 2 , which produces a continous square wave on 
pin 6 (timer output) when 00 H is reached. 
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To start and stop the timer we have to program 
the two highest order bits of the Command Status 
Register of the 8155, as shown in next picture. 


COMMAND STATUS REGISTER 
(NOT USED IN PROJECT) 


a SS SS 0 
nal rol | 


DEFINES PORT C 
00 INPUT 
11 OUTPUT 


DEFINES PORT B 
0 INPUT 
1 OUTPUT 


DEFINES PORT A 
0 INPUT 


00 NO EFFECT 
01 STOP TIMER IMMEDIATELY 
10 STOP TIMER WHEN ZERO IS REACHED 


Figure 9 


In order to program the timer and make it work, you will 
have to do the following: 


1- Load the eight low-order bits of the count length 
_ (LSB) inregister04 ofthe 8155. 
2- Load the six high-order bits of the count length 
(MSB) and timer output mode in register 05 of the 
8155. 
3- Load the two highest order bits of the C/S Register 
of the 8155 with the number 11. 


Now we will show the flow chart, objective 
program and additional circuitry of a delay program that 
will count down from 03 to 00. We will make use of 
this program as a subroutine, later in sample program 
5. 
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FLOW CHART OF DELAY PROGRAM 


Load LSB register of the 8155 STEP 1 


Load MSB register of the 8155 STEP 2 


Load C/S Register of the 8155 STEP 3 


! Load B register with 00 STEP 4 


, Input Port B (timer) to Aregister| STEP5 
SUBTRACT 
STEP 6 


A-B 


Fig 14 
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OBJECTIVE PROGRAM OF DELAY PROGRAM 


| MVI A (8) 
Step 1 00000010 
Load LSB with 0000 0011 (03) Out (port) 
Adr. of the LSB Reg. 
MVI A (8) 
Step 2 0100 000 
Load MSB Register with 0100 0000 (40) nee 
uIput FO 
MSB Reg 
MVI A (8) 
Step 3 1100 1100 
Load C/S Register with 1100 1100 (CC) 
(This starts the timer) Out (port) 
(adr of the C/S Reg) 
Step 4 | MVIB (8) 
Load B register with 0000 0000 
Step 5 [ IN (port) 
input port B to accumulator 
Step 6 
Subtract B Register from A Register (A - B) SUBB 
JNZ (adr) 
Jump to address 51 H if A- Bis different from 0 
JZ (adr) 
Jump to address 57 HifA-B=0 
Step 7 MVI A (8) 
Stop timer by changing the number in 0100 1100 
the first 2 bits of the C/S Register. Out (port) 
Adr. of C/S Reg 
Step 8 
(Return to a program) i ore 
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ADDITIONAL CIRCUITRY FOR 
DELAY PROGRAM. 


The additional circuitry required to use the timer- 
delay program is shown in the above figure. 


The least significant bit of Port B (BO) is connected 
directly to the output of the timer which is at the 
bottom on the right side of the processor board. 

All the other bits of Port B (B1 to B7) must be 
grounded. 

The input of the timer is connected to an external 
clock which provides TTL pulses of approximatelly 2 
Hz. You have these pulses available on the "Clock" 
output of the programmer board (right side, bottom). 


EXPLANATION OF THE DELAY PROGRAM 


We have written this program starting in memory 
location 40 because we will use it as subroutine, 
leaving memory space to write the main program 
starting in memory location 00. 

This delay program will not do anything by itself, it 
has to be called by a main program when a delay is 
needed. 


We have written this program to count down from 
03 to 00. The program will count the "Timer In" pulses 
provided by the clock, therefore if the frequency of 
the clock changes the length of the delay will change 
too. 


ADDITIONAL CIRCUITRY FOR DELAY PROGRAM 
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TIMER 


There are two ways in which you can change the 
length of the delay, one is by making some software 
changes in the program and the other is by making 
some hardware changes, basically speeding up or 
slowing down the clock 


In order to change the length of the delay by 
software means, the only thing that you have to do is 
to write a new number on memory location 41 (also 
memory location 45 may need a change because it 
contains the six high order bits of the starting 
number). | 


For example, if you need a larger delay than the 
provided by sample program 4, probably you may want - 
to program the timer to count 10 timer pulses instead 
of four, then, you need to count down from 09 to 00 
(10 pulses) instead of from 03 to 00 (4 pulses). 
Therefore, in order to do this, the only thing you have 
to do is to change the contents of memory location 41 
and write the number 09 instead of the existing 03. 


Sample Program 4 is a powerful program that will 


allow you to generate delays from milliseconds to 
hundreds of hours. 
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EXPLANATION OF DELAY PROGRAM 
CONTINUED 


Now, refer to the flow chart and objective program 
when reading the following explanations. 
STEP 1 AND 2 

In steps 1 and 2 of the program we load the LSB 
and MSB registers with a 16 bit number which is : 

0100 0000 0000 0011 (4003 in hexadecimal) 

In step 1 we load the eight least significant bits of this 
number (03) in the LSB register. 

In step 2 we load the eight most significant bits of the 
number (40) inthe MSB register. | 

_ By loading the number 4003 in the MSB and LSB 
registers of the 8155 we set up the "Timer Output 
Mode" and the length of counting, as explained 
before. 

STEP 3 

In step 3 we actually start the work of the timer by 
setting two "1s" on the two high order bits of the 
number loaded in the Command Status Register. 

STEP 4 

Step 4 makes the B register of the 8085 equal to 
00. 

STEP 5 

Step 5 inputs, to the A register, the output of the 
timer through Port B. 

When the timer is still counting the pulses, the 
output of the timer is High (1) and the number input in 
step 5 to the A register will be 0000 0001. 

When the timer finishes its counting process and 
reaches 00, the output of it will be Low (0) and the 
number input in step 5 will be 0000 0000. 

STEP 6 

In step 6 we subtract the contents of the A 
register (output of the timer) minus the contents of the 
B register (00). If the results of the subtraction is 
different from 0, it means that the timer is still counting 
down and then the program goes back to step 5 to 
read again Port B. 

STEP 7 

When the timer finishes its counting process, the 
results of the subraction A - B will be equal to zero and 
then the program will go to step 7 to stop the timer, by 
changing the number of the first two bits of the 
Command Status Register. 

STEP 8 

Step 8 of the program contains a_ return 
instruction which instructs the program to go back to 
the main program which called the delay subroutine. 


Now, go to Sample Program 5 where you will 
make use of the delay subroutine. 
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S AM PL E p ROG R AM 5 When to GO pushbutton is pressed the sequence of 

ses : tuming the LEDs ON will start and it will continue until it 
Turning on four LED's is completed. Then it stops by itself until the GO 
Sequentially. pushbutton is pressed again. 


Study the flow chart to understand how the logic 


PURPOSE: This program will turn ON four LED's sequence is accomplished. 


sequentially by making use of the delay program. = 
FLOW CHART OF SAMPLE PROGRAM 5 


INITIALIZATION 
Ports A and B: Inp., Port C: Out. STEP 1 
Load B reg. with 00 STEP 2 
Input Port Ato A reg. STEP 3 


SUBTRACT 
A-B STEP 4 


=0 


Turn OFF the four LEDs STEP 13 
Jump to Step 2 STEP 14 
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ADDITIONAL CIRCUITRY 


In this program we made use of the three ports of the 
system. 

We use port A and Port B as input ports. With Port A 
we input the GO pushbutton and with Port Bwe 
input the timer. 
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On Port C, which is working as an output port, we 
have connected the four LED's that make the 
display of our circuit. 

The complete additional circuitry necessary to run 
sample program 5 is shown in the next figure. 


ADDITIONAL CIRCUITRY FOR SAMPLE PROGRAM 5 


R2 - R5: 220 ohms 
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OBJECTIVE PROGRAM OF SAMPLE PROGRAM 5 


Note: Write the display symbols inside the blank 


parentheses. 

MVI, A (8) 

OC :0000 1100 

Out (port) 
STEP 1 C/S reg. 

S.P. 
STEP 2 MVI,B (8) 
STEP 3 ee 

01:PortA 

SUBB 

JZ (adr) 
STEP 4 

JNZ (adr) 

MVI,A (8) 
STEP 5 0000 0001 

Out (port) 

03 : PortE 

CALL (adr) 
STEP 6 

MVI, A (8) 
STEP 7 000 0011 

Out (port) 

Call (adr) 
STEP 8 

MVI,A (8) 

_ 000 0111 

STEP 9 


Out (port) 


PROGRAM CONTINUES IN NEXT PAGE 
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CONTINUATION OF SAMPLE PROGRAM 5 


EXPLANATION OF THE PROGRAM: 


In Step 1 we initialize the system by programming the 
timer and the ports as already explained in previous 
programs. 

In Step 2 we load the B register with the number 00. 

Steps 3 and 4 will cause the microprocessor be in an 
endless loop between steps 3 and 4 if the GO 
pushbutton is not pressed, or, to proceed with the 
sequence of turning the LEDs ON, if the pushbutton is 
pressed. 

In Step 5 through 13 we turn, one by one, all the LEDs. 
After each LED is turned ON we call for a delay by using 
the delay program Sample Program 4. | 
After the sequence is completed and all the LEDs are 
ON, (Step 13), Step 14 instructs the microprocessor to 
go back to Step 2 of the program. The program is going 
to fall again in an endless loop between steps 3 and 4 
until the Go pushbutton is pressed again to starts the 
sequence all over. 


ENTERING AND RUNNING THE PROGRAM: 

Now you are ready to enter and run the program in you 
system. The following steps will guide you in this 
procedure. 


CALL (adr) 


MVI, A(8) 
0000 1111 
OUT (port) 


CALL (adr) 


MVI, A (8) 


0000 0000 
OUT (port) 


Jump (adr) 


STEP 1: Assemble the additional circuitry as shown in 
the figure called " Additional circuitry for Sample Program 
5: 


STEP 2: Give power to both boards of the Micro- 
Mentor and to the breadboard where the additional 
Circuitry is wired. 


STEP 3: Connect the ribbon cable between socket J1 
of both boards of the Micro-Mentor. 

Put the Reset/Run switch in the Reset position. 

Get the Objective Programs of Sample 
Program 4 (Delay Program) and Sample 
Program 5 and enter both into memory. 


STEP 4: Read both programs from memory to be sure 
that they are in correctly . 


STEP 5: Runthe Program. 

Disconnect the ribbon cable from the processor board. 
Move the Reset/Run switch to the Run position. Press 
and release the GO pushbutton and the sequence will 
start. 
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INTRODUCTION 


Micro-Mentor is an ideal microcomputer system to control 
lights, motors, robot arms, electromechanical valves, 
(sprinklers valves for example) , electrical appliances, etc. 
But, of course, you cannot connect these devices directly 
to the ports of the Micro-Mentor System. 

In this chapter we will show you how to interface and how to 
control these devices with the Micro-Mentor System. 


INTERFACING LOW-VOLTAGE LAMPS 
TO MICRO-MENTOR. 


If you want to control low-voltage and low-current lamps 
( 1.5 to 12 volts / 100 mA ) with the Micro-Mentor, you 
cannot connect them directly to the ports of the 8155. You 
will have to use an external power supply or battery for the 
lamps and use the circuit shown in Fig 1. 
Note, that with a negative on the port, the transistor (NPN 
type) will conduct and the lamp will turn on. With a positive 
onthe port, the lamp will stay OFF. 
Also remember, when assembling the circuit, to connect 
the negative of both power supplies together. Otherwise, 
the circuit will not work. 


SAMPLE OPTO-ISOLATED CIRCUIT 


Output Port 


Opto-isolator 


To positive of the © 
+ power supply for 
the lamp. 


NOTE: When you use this circuit, remember to 
connect the negative of both power supplies together. 


With a positive on the port, the lamp will be off and Fig. 1 
with a negative, the lamp will be on. 


, tO positive of additional power supply 


With a positive on the port pin ; 
the relay will activate. 


Relay coil 
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INTERFACING HIGH-VOLTAGE, HIGH-CURRENT 
OR INDUCTIVE LOADS TO MICRO-MENTOR. 


lf you want to control high voltage, high current or inductive 
devices like 110 volt devices, motors, robot arms, valves 
etc, you will have to connect them through a relay opto- 
isolated circuitry, like the one shownin Fig 2. 

The purpose of the relay is to handle the high-voltage or 
high-current load and the purpose of the opto-isolator is to 
insulate the inductive load (relay) and its high peak inverse- 
voltages associated with it, from the microprocessor and its 
power supply. | 

Note that in the circuit of Fig. 2 an external or additional 
power supply is used to power the relay and the transistor. 
Never connect an inductive load to the microprocessor 
without using an opto-isolator and a separate power supply 
because you may destroy the microprocessor and memory 
chips. 

You can make your own opto-isolator by wrapping black 
tape around an LED and a photocell and connecting them 
in the circuit as shown in Fig. 2. We suggest that you buy 
the EKI Robot Control Board which contains eight circuits 
like the shown in Fig. 2. 


In order to control low-voltage lamps or high loads with 
Micro-Mentor, you have to output to the port in which 
these devices are connected, the right binary number 
which will turn them ON or OFF, as itis shown, for example, 
in Sample Programs 5 and 6 of unit 4. 


EK! ROBOT RELAY CONTROL BOARD. 


The EK!I Robot Relay Control Board is a universal eight- 
channel control board that can be used to control 
independently 8 loads up to 120 VAC / 2 Amps. 

It can be connected directly to the ports of Micro-Mentor . 

It will provide complete insulation (even ground) between 
the. microprocessor system and the load. 

The EK! Robot Relay Control Board has eight inputs (one 
input per channel) and 3 output contacts per channel: 
center (pole) PX, normal open O, and normal closed called 
C (the "x" indicates the channel number, 0 to 7). For 
example, P2 represents the center pole contact of the 
relay in channel 2. 


CONTROLLING A POPULAR ROBOT ARM WITH 
MICRO-MENTOR. 


From now on we will show you how to use Micro-Mentor to 
control the Radio Shack's "Mobile Armatron” which is a 
popular and inexpensive robot arm. Of course, the same 
explanation and programs will be useful in the case of 
using other robot arms. | 

For those’ interested in experimenting § with 
robotics and not investing a fortune on it, Micro- 
Mentor and. Mobile Armatron are the right 
combination. 
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The ‘Mobile Armatron’s movements are controlled using a 
series of switches. Those switches are used to direct the 
motion of the unit's base (forward, back, left, and right), and 
to control the positioning and motion of the arm (arm up, 
arm down, wrist up, wrist down, wrist turn, and fingers 
open/clamp). 

Four D cell batteries, are used to provide 3 volts for the unit 
motors. By changing the polarity of the applied voltage, the 
motors can  be_- reversed,’ therefore obtaining 
complementary functions such as_ wrist up, wrist down. 
One motor each is used to control the right wheel, the left 
wheel, the movement of the arm, the movement of the 
wrist, and the wrist-turn / finger-position. Seven control 
wires run from the switches, which are located in the 
control module, to the motors; one wire each for positive or 
negative voltage, plus a return (ground) wire for each 
motor. 


The following table shows the seven control wires of Mobil 
Armatron and their function. 


COLOR FUNCTION 
Black Negative of battery. 
Brown Positive of battery. 
Red Wrist turn (Red & Browr') 
Open/Close Clamp (Red & Black). 
Orange Wrist up (Orange & Brown). 
| Wrist down (Orange & Black). | 
Yellow Left Wheel forward (Yellow & Brown) 
Left Wheel backwards (Yellow & Black) 
Green Right Wheel forward (Green & Brown) 
Right Wheel backward (Green & Black) 
Blue Arm up (Blue & Brown) 
Arm down (Blue & Black) 


The above table indicates that if for example | 

you want to move up the wrist of the robot , you have to 
connect the orange and the brown wires together and if 
you want to move down the wrist, you have to connect the 
orange and the black wires together. 

Therefore, by connecting the red, orange, yellow, green 
and blue wires to the black or brown wire, as shown in the 
above table, we can produce any movement in the robot. 
This interconnection of the wires is going to be produced 
by the relays on theEKI Robot Control Board. 

In order to control the Mobile Armatron with Micro-Mentor 
and the EK! Robot Relay Control Board we will assign one 
relay of this board to each one of the seven wires of the 
robot arm. We will connect the color wire of the robot arm to 
the normally-open contact of that relay (O) and we will 
connect the center poles of the seven relays 
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together, as shown in the figure 3. Also we will power the 
relays and the transistors of the EKI Robot Relay control 
Board using the power provided by the batteries of the 
robot arm (brown and black wires). 


CONNECTING THE ROBOT WIRES TO THE EK! 
ROBOT RELAY CONTROL BOARD 


Mobile 
Armatron 
ribbon 
cable 


YELLOW 


By connecting the colored wires of the robot arm to the EKI 
Robot Control Board as shown in fig. 3, we will be able to 
produce the movements of the robot arm just by closing 
two or three relays at the same time. For example, if we 
want to move the wrist up we will have to close the relays 
RY1 and RY2, which will connect the orange and the brown 
wires together. 

Another example, if we want the robot arm to move forward 
we will have to close three relays RY1, RY3 and RY4, which 
will connect the brown, green and yellow wires together, 
causing both wheel motors to move forward. 

In order to close (activate) the relays of the EK! Robot 
Control Board, we have to put a high on the input of the 
relay's channel that we want to activate. For example, if we 
want to move the wrist up, we have to activate relays RY1 
and RY2. Therefore we have to put a High on inputs 11 and 
l2 of the EKI Robot Control Board. Also it is recommended, 
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that at the same time you put a High on some inputs to 
activate some relays you put a Low on all the other inputs 
that you do not want to activate, which in this case are 10, 
13, 14, [5 and 16. | | 


The next table (Fig. 4) shows the binary numbers that you 
have to apply to the inputs of the EKI Robot Control Board 
to produce the basic movements of the Mobile Armatron 
Robot Arm. 


MOVEMENTS OF ROBOT ARM 


MOVEMENT HEX. BINARY 


00 00000000 
32 00110010 
31 00110001 
12 00010010 


11 0001 0001 
42 01000010 
41 01000001 
OA 0000 1010 
09 0000 1001 
06 00000110 
05 00000101 


FIG. 4 


CONTROLLING THE ROBOT ARM WITH THE 
KEYBOARD PROGRAMMER only. 


By using the EK! Robot Relay Control Board in connection 
with the Mobile Armatron you can easily control this robot 
arm directly with the keyboard programmer of your Micro- 
Mentor system. In this manner, just by typing in the 
keyboard the hexadecimal numbers shown on the table of 
fig. 4, the robot will perform the described action until "00" 
or a new binary number is punched. For example, if you 
want the robot arm go forward you just type the number 
"32" and inmediatelly it will start to go forward, when you 
want to stop it, you just type the number "00" and it will 
stop. It continues in that movement or position until a new 
binary number is typed. 

In order to control the robot arm with the keyboard 
programmer, you connect the wires of the robot arm to the 
EKI Robot Relay Control Board as shown in Fig. 3, then 
you connect the inputs, 10 to I6, of the EK! Robot Relay 
Control Board, to the Address/Data Bus, ADO to AD6, 
present at pins 9 to 15 of socket J1of the Programmer 
Board (see schematic diagram of keyboard programmer). 
We recommend you make the connections between the 
inputs of the EKI Robot Relay Control Board and socket J1 
of the processor board on a solderless breadboard using 
the ribbon cable provided . 
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Now we recommend that you go ahead and disconnect 
the seven colored wires from the Mobile Armatron's 
controller module and connect them to the outputs of the 
EKI Robot Relay Control board as indicated in figure 3. 

In order to do this, place the Mobile Armatron's module 
face down and remove the six screws that hold the unit 
together. When you remove the rear half of the case you 
will see a PC board that is held in place with just a single 
screw. Remove that screw and the board. 

You will see the seven colored wires soldered to one edge 
of the board. Unsolder the wires from the circuit board and 
connect them to the right pins of socket J1 to control your 
robot arm with the keyboard programmer. 


CONTROLLING THE ROBOT ARM WITH 
SOFTWARE. 


You already learned how to control the Mobile Armatron 
Robot Arm manually with the keyboard programmer. Of 
course, the best way to control a robot arm is through a 
program stored in the memory of the Micro-Mentor . In this 
manner, the robot arm can be programmed to perform a 
series of movements to accomplish a certain task. Once 
this task is completed, it can be repeated all the times you 
want. 

Now we will share with you a Universal Robot Control 
Program which is a program designed to control a robot 
arm, in this case Mobile Armatron, making use of the EK! 
Robot Relay Control Board as interfacing device between 
the Micro-Mentor System and the Mobile Armatron Robot 
Arm. 
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UNIVERSAL ROBOT 
CONTROL PROGRAM 


PURPOSE: To program the robot arm to perform six 
different movements of programmable duration. 

This program can easily be modified to program the robot 
to perform any amount of movements, from one to any 
number, of programmable duration. Therefore this is a 
versatile and universal program. 


MATERIALS NEEDED: 

- Micro-Mentor System. 

- EK] Robot Relay Control Board. 
- Mobile Armatron robot Arm. 


FLOW CHART: 
Go to next page to see the flow chart. 
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FLOW CHART OF 
UNIVERSAL ROBOT CONTROL PROGRAM 


MAIN PROGRAM 


INITIALIZATION. STEP 1. 


7 STEP 2 
B = 0011 1111 (3F) OPEN / CLOSE CLAMP STEP 14 


Mov. 4. 
INPUT PORT C STEP 3 Define length of delay | Open/ 
| Clamp. 
CALL DELAY 
A "AND" B> STEP 4 SUBROUTINE STEP 16 
DROP ARM AND WRIST STEP 17 
MOVE FORWARD STEP 5 ate 
| v. 
Define length of delay Seene ri 
5 ‘5 Define length of delay err on C and D register. eee 
arcane on C and D register. 
Move Forward =a meray 
CALL DELAY SUBROUTINE a 
SUBROUTINE STEP 7 
GO BACKWARDS STEP 20 
RISE ARM AND WRIST STEP 8 
; Mov. 6 
| Define length of delay STEP 21 | Move 
Movement 2 Define length of delay ace on C and D register. Back 
Rise Arm & Wrist on C and D register. 
CALL DELAY 
Te Tre _ SUBROUTINE Bet eee 
SUBROUTINE a ae 
STOP STEP 23 
ROTATE WRIST STEP 11 
Movement 3 Define length of delay STEP 12 
Rotate Wrist on C and D register. 
CALL DELAY 
SUBROUTINE mers 


en ge 
\ Ole eRe eal cpa, ot 
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FLOW CHART OF 


DELAY SUBROUTINE 


Load LSB register of the 8155 STEP 1 


Load MSB register of the 8155 STEP 2 


Load C/S Register of the 8155 | STEP3 


Load B register with 00 STEP 4 


Input Port B (timer) to A register} STEP5 


SUBTRACT 
A-B STEP 6 


‘| 


STOP TIMER STEP 7 


RETURN - STEP 8 
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ADDITIONAL CIRCUITRY 

In this program we made use of the three ports of the Also it is necessary to connect the colored wires of the 
system. Mobile Armatron Robot Arm to the outputs of the EK! 
Weuse PortB and Port C as input ports. With Port C we Robot Control Board as shown in fig. 3 of this unit. 

input the GO pushbutton and with Port B we input the The clock located in the programmer board of the Micro- 
timer. ° Mentor system is used to provide the timer of the 8155 
On Port A, which is working as an output port, we have with input pulses. A 3.3 uF capacitor must be installed 
connected the seven inputs (I0 to I6) of the EKI Robot socket J2. With this capacitor the clock will generate a 
Control Board. square wave signal of approximately 180 Hz. 


ADDITIONAL CIRCUITRY FOR THE ROBOT CONTROL PROGRAM 


Clock on Programmer 
Board of Micro-Mentor 
with 3.3 uF capacitor 
on socket J2. 


PORT A PORT C 


io HW 2 8 4 %H I6 Not 
a. sed 
To inputs I0 to I6 of the EK| 
ROBOT CONTROL BOARD 


NOTE: Also connect the colored wires of the Mobile Armatron 
Robot Arm to the outputs of the EKI Robot Control Board 
as shown in fig. 3 of this unit. 
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OBJECTIVE PROGRAM OF ROBOT CONTROL PROGRAM 


MAIN PROGRAM 
NOTE:: Write the display symbols inside 


the blank parenthesis. _ 


MVI, A (8) 
(0000 0001) 
Out (port) 
(C/S register) 
LX!, SP 


|__Memory location DATA LE MNEMONIC 


STEP 1 


MVI, B (8) 
(0011 1111) 
IN (port) 
(Port C) 
ANA, B 

JZ (adr.) 


STEP 2 || 
STEP 3 [ 


STEP 4 
JNZ (adr.) 


MVI, A (8) 
(Move Forward) 
Out (port) 

(Port A) 

MVI, C (8) 
(0000 1000) 
MVI, D (8) 
(0100 0111) 
CALL (adr.) 


STEP 5 | 


STEP 6 


STEP7 | 


MVI, A (8) 
(Arm & wrist up) 


Pp 
ours | Out (port) 


MVI, C (8) 
(1011 0000) 


STEP9 MVI,D (8) 


CALL (adr.) 
STEP 10 


MVILA(8) 
(Rotate wrist) 


STEP 11 Out (port) 


MVI, C (8) 


STEP 12 MVI,D (8) 


PROGRAM CONTINUES IN NEXT PAGE 
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CONTINUATION OF ROBOT CONTROL PROGRAM 


MAIN PROGRAM 


CALL (adr.) 

STEP 13 
MVI, A (8) 

STEP 14 (Open/close clamp) 
Out (port) 


MVI, C (8) 
STEP 15 
MVI, D (8) 


CALL (adr.) 
STEP 16 


MVI, A (8) 
STEP 17 (Arm & wrist drop) 
Out (port) 
MVI, C (8) 

STEP 18 
MVI, D (8) 


CALL (adr.) 
STEP 19 

MVI, A (8) 
STEP 20 (Go Backwards) 

Out (port) 


MVI, C (8) 
STEP 21 
| MVI, D (8) 


CALL (adr.) 
STEP 22 


MVI, A (8) 
STEP 23 
Out (port) 
Jump (adr. 
STEP 24 pa 


DELAY PROGRAM IN NEXT PAGE 
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OBJECTIVE PROGRAM OF DELAY PROGRAM 


MOV A, C 
Out (port) 
(LSB reg.) 
MOV A,D 
Out (port) 
(MSB reg.) 
MVI, A (8) 
(1100 0001) 
Out (port) 
(C/S reg.) 
MVI,B 


IN (port) 


(Port B) 
SubB 
JNZ (adr.) 


JZ (adr.) 


MVI, A (8) 
(0100 0001) 


Return 
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EXPLANATION OF THE PROGRAM: 


In Step 1 of the program we initialize the system by. 
programming the ports, the timer and loading the stack 
pointer. We program ports B and C to work as inputs ports 
and port A to work as an output port. 

Through port A we are going to.output the control signals 
for the robot. Through port B we are going to enter the 
signal of the timer and through port C we are going to enter 
the "GO" pushbutton that will run the program. 

In Step 2 we load the B register with the number "00". 
Steps 3 and 4 will cause the microprocessor be in an 
endless loop between steps 3 and 4 if the "GO" 
pushbutton is not pressed, or, to proceed with the 
sequence of running the robot, when the pushbutton is 
pressed. 

In Step 5 we output through port A the binary number that 
will cause the robot to move forward (3F). 

In Step 6 we are going to define the length of time the 
robot will move forward by loading the C and D registers 
with the right data. In C register, we store the binary 
number that will be loaded on the LSB register (Least 
Significant Bit of count length) of the 8155 by the delay 
program. In D register, we are going to store the binary 
number that will be loaded in the MSB register ( Most 
Significant Bit of count length) of the 8155 by the delay 
program. The two most significant bits of the MSB register 
will define the timer output mode. | 

Now, let us see how the process of programing the length 
of the delay works. In step 6 of the main program we load 
on the C register the number 0000 1000 and in D register 
the number 0100 0111. Step 1 of the delay program will 
place the contents of the C register of the 8085 into the 
LSB register of the 8155. Step 2 of the delay program will 
place the contents of the D register of the 8085 into the 
MSB register of the 8155. Therefore the contents of the 
MSB and LSB registers of the 8155 will be: 


The two high order bits of the binary number made up of 
the combination of both registers, MSB and LSB, will 
program the mode of the output of the timer. In our case, 
the number "01" will cause the output of the timer to be low 
during the counting down process of the timer and to go 
high when the counting finishes. 
The other bits of the binary number made up of the 
combination of both registers, in our case the number: 
"0001 1100001000" will determine how many pulses 
the timer will count. In our case, the binary number 
00011100001000 corresponds to the decimal number 
2000,. Therefore the timer, when activated, will count 
2000 pulses sent by the clock. 
With a3.3 uF capacitor on socket J2 of the programmer 
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board the clock will generate approximately 400 pulses per 
second (400 Hz) therefore it will take the timer 5 seconds 
to count 2000 pulses. Then, with the numbers stored in 
step 6 of the main program in C and D registers, the robot 
will move forward for 5 seconds. 

lf for example, you need the robot to move forward for 3 
seconds instead of five, the only thing you have to do is 
multiply 3 times 400 to determine how many pulses the 
timer will have to count to produce a delay of 3 seconds, in 
our case 1200, and then write this decimal number in 
binary, 1200 = 00010010110000, and write the new 
number in the C and D registers remembering the inclusion 
of the two high order bits "01" which will determine the 
timer output mode. Therefore, you will write in the C 
register the number 1011 0000 (BO in hexadecimal) and in 
the D register, the number 0100 0100 (44 in 
hexadecimal). 


In Step 7 of the main program we call the delay subroutine 
which will cause the delay to be produced. Refer to Unit 4, 
Sample Program 4 if you do not remember how the delay 
subroutine works. 


It is very important for you to understand the process 
accomplished by steps 5, 6 and 7 of the main program 
because this process will be repeated in the same 
sequence and with the same instructions for each 
movement we want the robot to perform. Therefore, 
resuming our explanation of steps 5 , 6 and 7 we can say 
the following: 


- On Step 5 we output to port A the binary number that will 
cause the robot to produce the desired movement. In this 
case we output the binary number: 0011 0010 (32 in 

hexadecimal) which will cause the robot to move forward. 


- On Step 6 we define or program the length of the delay, 
which will determine the time that the robot will be 
performing the movement programmed in step 5. We 
define the length of the delay by writing the right binary 
numbers on C and D registers of the 8085, as explained 
before. 


- On Step 7 we call the delay subroutine which will cause 
the delay to be produced. The length of the delay will be 
determined by the number stored on the C and D registers 
of the 8085 at the time of calling this subroutine. 


As a result of the above process, the robot will start to 
move forward when step 5 is completed and it will 
continue moving forward until the delay subroutine ends, 
or in other words, until the timer counts all the pulses it has 
been programmed to count, which in our case are 2000 
and are counted in approximately 5 seconds. 
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EKI MICROPROCESSOR COURSE 
UNIT V: Robot Control 


The "Movement 2" of our program, which is: Raise Arm and 
wrist , is accomplished in steps 8, 9 and 10. In this case, in 
step 8 we output the binary number 0100 1010 (4A in 
Hex.) through port A, which will cause the robot to start to 
raise its arm and wrist. 

In.step 9 we define the length of the delay, in this case we 
want the robot to raise its arm and wrist for 3 seconds, 
therefore we will program the timer to count 1200 clock 
pulses. We accomplish this by writing the binary number: 
1011 0000 (BO in Hex.) in C register, and the number 
0100 0100 (44 in Hex.) in D register. 

In Step 10 we call the delay subroutine to produce the 
delay. 


The same process described for movement 1 and 2 is 
repeated in the identical way for each of the six movements 
of the Robot Control Program. 


In Step 23 of the main program, after all the movements 
were completed, we stop the robot by outputing through 
port A the binary number : 0000 0000 (00 in Hex.) which 
will stop all the movements of the robot. 


In step 23 we command the control to jump to step 2, 
causing the program to be in an endless loop between 
steps 3 and 4 until the "GO" pushbutton is pressed again 
to repeat the whole program. 


This Robot Control Program is universal which the mean 
that you can take or add movements from it very easily, just 
by taking or adding the three step movement block 
decribed previously for each movement you want to take or 
add. And then remembering that you always end your 
program by stopping all the motors of the robot with the 
number 0000 0000 (00 Hex.) on port A and then jumping 

to step 2 to go to the endless loop. 


ENTERING AND RUNNING THE 
PROGRAM 


Now you are ready to enter and run the program in your 
system. The following steps will guide you in this 
procedure. 


STEP 1: Assemble the additional circuitry for the Robot 
Control Program as shown in page 7 of this unit. 

Connect bits 1 to 7 of port B to ground and bit 0 of port B to 
the output of the timer which is located on the processor 
board of the Micro-Mentor system. 

Also connect the output of the clock, located on the 
programmer board, to the input of the timer, located on the 
processor board. Install a 3.3 uF capacitor in socket J2 of 
the programmer board, which will drive the clock at 
approximatelly 400 Hz. 
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Connect bits 0 to 6 of port A to inputs 10 ti I6 of the EKI 
Robot Control board. Do not connect bit 7 of port A, itis 
not used in this program. 


Connect bits 1 to 5 of port C to ground and bit 0 to the 
"GO" pushbutton and 1 KO resistor as shown in page 7 of 
this unit. 


Connect the colored wires of the Mobile Armatron Robot 
Arm to the outputs of the EK! Robot Control Board, if you 
do not have them connected already. See figure 3, page 3 
of this unit. 


STEP 2: 

Give power to the system. Be sure to install the batteries in 
the base of the Mobile Armatron Robot Arm. These 
batteries will power the motors of the robot and the EK| 
Robot Control Board. 


STEP 3: | 

Connect the ribbon cable between socket J1 of both 
boards of Micro-Mentor, move the RESET/RUN switch on 
the processor board to the RESET position anc! start to 
write the program in memory. You will have to write the 
main program and the delay subroutine in memory. 


STEP 4: 

Read the program from memory to be sure that it is 
correctly written and rewrite any memory location that 
contains the wrong data. 


STEP 5: 
Run the program by moving the RESET/RUN switch to the 
RUN position and by pressing the "GO" pushbutton. 
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UNIT VI 


SPEECH SYNTHESIS 


( OPTIONAL SPEECH TRAINER NEEDED TO PERFORM EXPERIMENTS) 


EKI SPEECH SYNTHESIS SYSTEM 


The EKI Speech Synthesis System consists of a 
Speech Processor Chip (SPC) and a set (two or more) 
speech ROM chips. With the addition of the audio 
amplifier and a speaker, the system generates high 
quality speech including natural inflection and empha- 
sis. Figure 1, below shows the block diagram of the 
EKI Speech Synthesis System and amplifier. 


BLOCK DIAGRAM OF THE 
EKI SPEECH SYNTHESIS SYSTEM 


Speech Address Bus 


Processor 
Chip Data Bus 


Amplifier 


Speaker 


Figure 1 


As the block diagram shows, the speech processor 
chip communicates with the speech ROM set through 
an address and data bus. The speech ROM set contains 
words in its memory locations, as shown in Table 1. 
Your EKI Speech Synthesis System comes with one set 
of ROMs (two Chips) which are called ROM Set 1. 
Table 1 shows the words that it can say 
with the ROM Set 1. An additional ROM set, ROM Set 
2, can be added to the system. Table 2 shows the 
additional words that the system can say with the 
addition of ROM Set 2. 


Through the address bus, the speech processor chip 
(see figure 1) sends to the ROM the address of the 
selected word. Then, through the data bus, the speech 
ROM sends to the speech processor chip the digital 
signals (speech data) of the selected word. Following 
that, the speech processor chip processes the 
information coming from the ROM and produces the 
speech output signal which is an analog output. This 
signal is then amplified and sent to the speaker. 


Figure 2, shows the physical appearance and rinout 


configuration of the EKI Speech Processor Chip. 


SPC1 
EK! SPEECH PROCESSOR CHIP 


VDD 
SPEECH OUT 
ADR 13 (MSB) 


SW 8 (MSB 
SW 7 
sweé 
SW 5 
SW 4 
“SW 3 
SW 2 | ADR 2 
SW 1 (LSB) ADR 1 
RDATA 1 (LSB) 4 ADR 0 (LSB) 
-RDATA 2 RDATA 8 (MSB) 
R DATA 3 -RDATA7 
RDATA 4 RDATA6 
vss RDATA5 


Figure 2 


EKI SPEECH SYNTHESIS 


TABLE OF WORDS OF EKI ROM SET 1 
TABLE 1 


8-BIT BINARY 
ADDRESS 


8-BIT BINARY 
ADDRESS 


SW 


SW-8 SW-1 


NOTE 1: ‘‘SS’’ makes any singular word plural. 


THIS IS DIGITALKER 00000000 Q 00110000 

ONE 00000001 R 00110001 IT 

TWO 00000010 S 00110010 KILO 
THREE 00000011 T 00110011 LEFT 
FOUR 00000100 U 00110100 LESS 
FIVE 00000101 V 00110101 LESSER 
SIX 00000110 W 00110110 LIMIT 
SEVEN 00000111 X 00110111 LOW 
EIGHT 00001000 Y 00111000 LOWER 
NINE 00001001 Z 00111001 MARK 
TEN 00001010 AGAIN 00111010 METER 
ELEVEN 00001011 AMPERE 00111011 MILE 
TWELVE 00001100 AND 00111100 MILLI 
THIRTEEN 00001101 AT 00111101 MINUS 
FOURTEEN 00001110 CANCEL 00111110 MINUTE 
FIFTEEN 00001111 CASE 00111111 NEAR 
SIXTEEN 00010000 CENT 01000000 NUMBER 
SEVENTEEN 00010001 400 HERTS TONE 01000001 OF 
EIGHTEEN 00010010 80 HERTZ TONE 01000010 OFF 
NINETEEN 60010011 20 MS SILENCE 01000011 ON 
TWENTY 00010100 40 MS SILENCE 01000100 OUT 
THIRTY 00010101 80 MX SILENCE 01000101 OVER 
FORTY 00010110 160 MS SILENCE 01000110 PARENTHESIS 
FIFTY 00010111 320 MS SILENCE 01000111 PERCENT 
SIXTY 00011000 CENT 01001000 PLEASE 
SEVENTY 00011001 CHECK 01001001 PLUS 
EIGHTY 00011010 COMMA 01001010 POINT 
NINETY 00011011 CONTROL 01001011 POUND 
HUNDRED 00011100 DANGER 01001100 PULSES 
THOUSAND 00011101 DEGREE 01001101 RATE 
MILLION 00011110 DOLLAR 01001110 RE 

ZERO 00011111 DOWN 01001111 READY 
A 00100000 EQUAL 01010000 RIGHT 
B 00100001 ERROR 01010001 SS (NOTE1) 
C 00100010 FEET 01010010 SECOND 
D 00100011 FLOW 01010011 SET 

E 00100100 FUEL 01010100 SPACE 

F 00100101 GALLON 01010101 SPEED 

G 00100110 GO 01010110 STAR 

H 00100111 GRAM 01010111 START 

| 00101000 GREAT 01011000 STOP 

J 00101001 GREATER 01011001 THAN 

K 00101010 HAVE 01011010 THE 

L 00101011 HIGH 01011011 TIME 

M 00101100 HIGHER * 01011100 TRY 

N 00101101 HOUR 01011101 UP 

0 00101110 IN 01011110 VOLT 

P 00101111 INCHES 01011111 WEIGHT (NOTE2) 


8-BIT BINARY 
ADDRESS 


SW-8 SW-1 


01100000 
01100001 
01100010 
01100011 
01100100 
01100101 
01100110 
01100111 
01101000 
01101001 
01101010 
01101011 
01101100 
01101101 
01101110 
01101111 
01110000 
01110001 
01110010 
01110011 
01110100 
01110101 
01110110 
01110111 
01111000 
01111001 
01111010 
01111011 
01111100 
01111101 
01111110 
01111111 
10000000 
10000001 
10000010 
10000011 
10000100 
10000101 
10000110 
10000111 
10001000 
10001001 
10001010 
10001011 
10001100 
10001101 
10001110 
10001111 
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NOTE 2: Address 143 is the last legal address in this particular word list. Exceeding address 143 will produce pieces of unintelligible invalid speech data. 
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TABLE OF WORDS OF EKI ROM SET 2 
TABLE 2 


ABORT 
ADD 
ADJUST 
ALARM 
ALERT 

ALL 

ASK 
ASSISTANCE 
ATTENTION 
BRAKE 
BUTTON 
BUY 

CALL 
CAUTION 
CHANGE 
CIRCUIT 
CLEAR 
CLOSE 
COMPLETE 
CONNECT 
CONTINUE 
COPY 
CORRECT 
DATE 

DAY 
DECREASE 
DEPOSIT 
DIAL 
DIVIDE 
DOOR 

EAST 

ED (NOTE1) 
ED (NOTE 1) 
ED (NOTE 1) 
ED (NOTE1) 
EMERGENCY 


EVACUATE 
EXIT 

FAIL 
FAILURE 


8-BIT BINARY 
ADDRESS 


sws SW1 
00000000 

_ 00000001 

“00000010 
00000011 
00000100 
00000101 
00000110 
00000111 
00001000 
00001001 
00001010 
00001011 
00001100 
00001101 
00001110 
00001111 
00010000 
00010001 
00010010 
00010011. 
00010100 
00010101 


00010110 © 


00010111 
00011000 
00011001 
00011010 
00011011 
00011100 
00011101. 
00011110 
00011111 
00100000 
00100001 
00100010 
00100011 
00100100 
00100101 
00100110 
00100111 
00101000 
00101001 
00101010 
00101011 


FARAD 
FAST 
FASTER 
FIFTH 
FIRE 
FIRST 
FLOOR 
FORWARD 
FROM 
GAS 

GET 
GOING 
HALF 
HELLO 
HELP 
HERTZ 
HOLD. 
INCORRECT 
INCREASE 


~ INTRUDER 


JUST 
KEY 
LEVEL 
LOAD 
LOCK 
MEG 
MEGA 
MICRO 


NORMAL 
NORTH 
NOT 
NOTICE 
OHMS 
ONWARD 
OPEN 
OPERATOR 


8-BIT BINARY 
ADDRESS 


sws SW1 
00101100 
00101101 
00101110 
00101111 
00110000 
00110001 
00110010 
00110011 
00110100 
00110101 
00110110 
00110111 
00111000 
00111001 
00111010 
00111011 
00111100 
00111101 
00111110 
00111111 
01000000 
01000001 
01000010 
01000011 
01000100 
01000101 
01000110 
01000111 
01001000 
01001001 
01001010 
01001011 
01001100 
01001101 
01001110 
01001111 
01010000 
01010001 
01010010 
01010011 
01010100 
01010101 
01010110 
01010111 


PRESSURE 
QUARTER 
RANGE 
TEACH 
RECEIVE 
RECORD 
REPLACE 


_ REVERSE 


ROOM 
SAFE 
SECURE 
SELECT 
SEND 
SERVICE 
SIDE 

SLOW 
SLOWER 
SMOKE 
SOUTH 
STATION 
SWITCH 
SYSTEM 
TEST 

TH (NOTE 2) 
THANK 
THIRD 

THIS 
TOTAL 
TURN 

USE 

UTH (NOTES) 
WAITING 
WARNING 
WATER 
WEST 


“WITCH 


WINDOW 
YES 
ZONE 


ADDRESS 


SwWws SW1 


01011000 
01011001 
01011010 
01011011 
01011100 
01011101 
01011110 
01011111 
01100000 
01100001 
01100010 
01100011 
01100100 
01100101 
01100110 
01100111 
01101000 
01101001 
01101010 
01101011 
01101100 
01101101 
01101110 
01101111 
01110000 
01110001 
01110010 
01110011 
01110100 
01119101 
01110110 
01110111 
01111000 
01111001 
01111016 
01111011 
01111100 
01111101 
01111110 
01411111 
10000000 
10000001 
10000010 


NOTE 1: ‘‘ Ed” is a suffix that can be used to make any present tense word become a past tense word. The way we say “‘ED’’ however, does vary from one word to the next. For 
that reason, we have offered 4 different ‘‘ED’’ sounds. It is suggested that each ‘‘ED’’ be tested with the desired word for best quality results. Address 31 ‘‘ED’’ or 32 ‘‘ED”’ 
should be used with words ending in ‘‘T’’ or ‘D’’, such as exit or load. Address 34 ‘‘ED”’ should be used with words ending with soft sounds such as ask. Address 33 *"ED” 
should be used with all ther words. 


NOTE 2: ‘“‘TH”’ is a suffix that can be added to words like six, seven, eight to form adjective words like sixth, seventh, eighth. 


NOTE 3: ‘“‘UTH”’ is a suffix that can be added to words like twenty, thirty, forty to form adjective words like thirtieth, fortieth, etc. 
NOTE 4: Address 130 is the last legal address in this particular word list. Exceeding address 130 will produce pieces of unintelligible invalid speech data. 
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THE SPEECH SYNTHESIS BOARD 


Figure 3 shows the EKI Speech Synthesis Board, on it you can see the speech processor chip EKI SPC1 and the two ROMS 
(ROM set 1). Also you can see the two sockets for the optional ROM set 2. 


Speaker 


EKI ROM SET 2 
(Optional!) 


BATTERY HOLDER |.. 


@ 


EKI ROM SET 1 


EKI MMD-1 


= 


a 
1000 uF 


@ “102 
EKI SPC1 
RN 7 + ; 
} =D R4 1.5K 
$1 cg C7: Cristal 
1000 uf +¥~20 pf 


<> —— 
R3 1Mohm ¢g50 of 16 pin socket 


Figure 3 
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HOW TO USE 


THE EKI SPEECH SYNTHESIS SYSTEM 


The EKI Speech Synthesis System was designed to 
be interfaced directly with the EKI Micro-Mentor 
Microcomputer System through a 16-wire ribbon cable. 
This ribbon interconnects the processor board and the 
speech synthesis board. 


In order to make the system speak, we have to do 
the following, in the order given. 


1). Put a High on the Write (WR) input (pin #4) of the 
EKI SPC1. (See Figure 4) | 


CONTROLLING THE EKI SPC1 


SW8 

SW7 

SW6 

SW5 EKI 


SW4 "Speech 
S\W3 Synthesis 
; System 
swe 


Swi 


Write 
(wR) 


" Interrupt 
‘(INTR) 


INTR 


Figure 4 


2). Put an eight-bit binary number on the Data Bus 


input pins (SW1-8 of the SPC1). This binary number 
selects the word that the speech system in going to say. 
For example, if we want the system to say the word 
‘control’ we have to put on pins SW1-SW8 the binary 
number 01001011 as shown in Table 1. 


3). Put a Low on the Write (WR) input (pin #4 of the 
EKI SPC1). This low on pin #4 latches,onan internal 
register of EKI ‘SPC1, the eight bit binary number 
present at that time at the SW1-SW8 inputs. 


4). Put High on the Write (WR) input (pin #4) of the 
EKI SPC1. This High will cause the system to start to 
speak. 
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Therefore, as you can see, sending an 8-bit binary 
number to SW1i-SW8 and the control signal Write 
(WR) from the microprocessor to the Speech Chip, we 


can activate the speech system to say any word we 


want. But, this is not all. In order to have effective 
control over the speech system, we need one more 
signal. This is the Interrupt (INTR) signal, which goes 
from the speech chip EKI SPC1 to the microprocessor 
system. The interrupt output pin (pin #6 of the EKI 
SPC1) is Low when the speech system is saying a word 
and goes High when the speech system finishes the 
word. Therefore, by sensing the Interrupt signal with 


the microprocessor system, we can tell if the speech 


system is saying a word or if it has finished it. This is 
important in order to not overlap words. Now, when we 
are sure that the system has finished saying a word, we 
also know that it is ready and available to receive a 
binary number (SWI-SW8) and the control write (WR) 
for the next word that we want it to say. Therefore, 
step #5 of the sequence, to make the Speech System 
speak is: 


5). Continously sense the interrupt signal on pin #6 
(INTR) of the EKI SPC1. When it goes High repeat the 
steps 1 to 5 for the next word. 


Figure S shows the interconnection of the micro- 
processor system and the EKI Speech Synthesis 
System, with the signals going between them. 


INTERFACING 
THE EKI SPEECH SYNTHESIS SYSTEM 
TO THE MICRO-MENTOR SYSTEM 


MICRO-MENTOR 


Microprocessor EKI 

System Speech 
Synthesis 
System 


Figure 5 
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There is one more control signal that has to be sent 
from the microprocessor system to the speech system 
which is the "Rom Set Selection Signal" (RSS). 

As we mentioned before, the speech system may 
have two sets of ROM, ROM Set 1 and ROM Set 2 
(ROM Set 2 optional), with a differrent vocabulary. 
Therefore, every time we send a binary number to the 
speech board through SW1 to SW8, to select a word, 
we also have to send a control signal , to indicate to the 
system , from which set of ROMs we want the word to be 
selected. This is accomplished by the " ROM Set 
selection Signal"(RSS). When this signal is Low ,ROM 
Set 1 is selected; when this signal is High, ROM Set 2 
is selected. 

If your speech system has only ROM Set 1, this RSS 
will have to be always Low. 


Interfacing the EKI Speech Synthesis 
System to the EKI Micro-Mentor 
System or other computer systems. 


The speech synthesis board has a socket designated 
to interface it with the EKI Micro-Mentor 
Microprocessor System or other computer systems 
which is socket J2. 

This socket was designed to receive all the outcoming 
signals necessary to activate the speech synthesis 


system. The next table shows the names of the signals and 


their respectives pin numbers on socket J2. 
SIGNAL Pin number on socket J2. 


SW1 12 
sWw2 11 
SW3 10 
SW4 

SW5 

SW6 

SW7 

SW8 

Write (WR) 

Interrupt (INT) 

Rom Set Selec (RSS) 
+5V 

Ground 


hoo 32 20D NO 
WD Oo 


Be aware that besides all the control signals that we 
already discused (SW1-SW8, WR, INT,RSS) it is also 
necessary to supply the speech board with +5V and 
ground from a regulated power supply (5v, 500mA). 

lf you are controlling the EKI Speech Synthesis System 
with the EKI Micro-Mentor System, all the control 
signals and the 5 volts are supplied to the speech 
system by just connecting the provided ribbon cable 
from socket J2 on the speech board to socket J2 on 
the processor board of the Micro-Mentor System, as 
shown in the "Interconnection Chart for the EKI Micro- 
Mentor and the EKI Speech Synthesis System". 

lf you want to control the EKI Speech System with 
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other microprocessor or computer systems you will have 
to do all the necessary interconnections trom the ports 
of the system and from a 5V power supply to socket J2 
on the speech board. 


On the next pages of this manual we provide the 
necessary software to use the EKI Speech 
synthesis System in conjunction with the EKI Micro- 
Mentor System. If you want to use another 
microprocessor or computer system to control the EKI 
Speech Synthesis System you will have to adapt this 
software to your computer software and 
hardware. The Flow Charts will remain basically the 
same and changes will have to be made in the 
objective programs. 


Testing your Speech Board 
(Optional): 


At this point of the course you should have your 
Speech Synthesis System assembled. If this is not the 
case, get the sheet titled "Step by Step Kit 
Construction Diagram" and assemble your speech 
system. 


Once you have your speech synthesis system 
assembled, a good thing to do will be to test it manually 
to be sure that it will work properly when you connect it 
to the Micro-Mentor system. 


To do this you will have to make use of a protoboard, a 
5 volt regulated power supply (EKI 552 or similar/ 

5V-500 mA __), 8 SPST switches (Dip switches 
recommended) and eight 1Kohm resistors. 

The following steps will guide you in doing this manual 
testing. 


STEP 1. Connect one end of the ribbon cable to 
socket J2 on the speech board and the other end of 
the ribbon cable to a protoboard, as shown in Fig. A, page 7. 
STEP 2. Connect the upper power line of the 
protoboard to the positive and the lower power line to 
the negative of a5 volt, regulated power supply. 

STEP 3. Connect the following pins of the ribbon 
connector on the protoboard as follows: » 

- Pin 1 and 4 of connector to negative line on 
protoboard. 

- Pin3 of connector to positive line on protoboard. 

- Pin 5 through 12 of connector to the switches and 
resistors, aS shown in fig B. With these eight 
switches you will send,to the speech board,the 8 
bit data to select the desired word. Aclosed switch 
will send a."0", an open switch will send a“1”. | 

STEP 4. Connect a fresh 9 volt battery 1o the battery 
snap on the speech board. | 

STEP.5. Turnonswitch S1 onthe speech board. 

STEP 6. Turnonthe 5 volt power supply. 
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STEP 7. Close the seven switches SO - S7 to send 

the data "0000 0000" to the speech board. 
Connect pin 16 of ribbon connector to the 
negative, momentarily, and then connect it 

to the positive. As you do this, the system 

will say the selected word. In this case it 


STEP 8. 
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will say " This is Digitalker, which corresponds to 
the data "0000 0000". 


STEP 9. Make the system to say other words by 
changing the data applied to it using the switches 
S0 to $7. 


TESTING THE SPEECH BOARD | 


Positive Line 


+5V a cases satay eigsst sein © 


eenceseeeeeon 
enesseeaseoaan 
SERRE RE RIES 
sasesgneecaasn 

e 


eeveaseneseaeeae 
saescenaseooeseees 
eeesneseacosseeae 
eeansseeasecesessene 
eeoesed 


668200020088 06088 060 © Uc eee 8 
POU URE UCT eee oo TTL 
SOHCHHSSHSSHHHSHHOSSSHCQSsenEaeanaces 
SCoeesCeSesensoegseeseve Gpeecssases 
eeaeceeceoeaseoorsegesascetysesecesn 


Fig. A 


bevel 


R1-R8: 1K ohm resistors. 
SO-S7:SPST switches (You may use 
miniature Dip Switches. 
To pins 5 to 12 Switch open: High 
‘of connector on Switch close: Low. 
protoboard. 


Fig. B 


DIP Swtich available 
from EKI. 
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INTERFACING THE SAMPLE PROGRAM #1 
EKI SPEECH SYNTHESIS 
~ SYSTEM WITH THE Objective: Through this program the speech synthesis 
EKI MICRO-MENTOR system will say any chosen word from Table 1. 
MICROPROCESSOR SYSTEM 


FLOW CHART: 
As we already know, the EKI Micro-Mentor system 


has three independent ports that can be programmed to 


work either as input or output ports. The port names INITIALIZATION STEP 1 
are A, BandC. A and B are 8-bit ports and C is a 6-bit 
port. : 
Output a High for | ctep 2 
; Write on Port C 
In order to control the EKI Speech Synthesis System 
with the Micro-Mentor, we assign ports A and C of the 
Micro-Mentor to work as output ports and port B to OUNPUS number OF STEP 3 
word on Port A - 
work as an input port. 
Output a Low for | .. 
et a Write onPortc | STEP 4 
Through port A, which will work as an eight-bit output 
port we send the eight bit binary number,SW1-SW8, to the 
speech board. Output a High for | | 
Through one pin of port 6 (C6) we send the Write (WR) Write on Port C STEP S 
signal from the Micro-Mentor to the speech board. Also 
through another bit of port C (C1) we send to the Speech 7 : 
Synthesis Board the RSS signal to select which set of ROM Make Breg.=0O | STEP 6 
we want to use (ROM Set 1 or ROM Set 2). With a Low 
on Cl we select ROM Set 1 and with a High on Cl we Input "INTR" to A 
select ROM Set 2. reg. through Port B STEP 7 
Through one pin of port B (BO) we input the "Interrupt" 
(INTR) signal to the Micro-Mentor. And through another 
pin of port B (B3) we input the "GO" pushbutton which - 0 STEP 8 
allows us to run the program. 7 
z 0 
All these connections between the Micro-Mentor 
system and the Speech Synthesis System are, through Make C reg.= Of STEP 9 
the 16-wire ribbon cable, connected between socket J2 
of the processor board of the Micro-Mentor and socket Input port B to Ar.| STEP 10 
J2 of the Speech Synthesis Board. 
Now we are ready to study some sample programs 
that show how to control the Speech Synthesis System STEP 11 


with the Micro-Mentor. All these sample programs 
have been tested and work well. Study them carefully 
trying to understand how they work and how to control 
the Speech Synthesis System. 


cS 
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OBJECTIVE PROGRAM OF SAMPLE PROGRAM 1 
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NOTE: Write the display symbols inside 
the blank parenthesis. 


MVLA (8) 

(0000 1101) 

Out (port) STEP 1 
(c/s reg.) 

LXI SP (16) 


MVI A (8) 
(11111101) 
Out (port) 
(Port C) 
MV1A (8) 
("Parenthesis") 

Sur inert STEP 3 
(Port A) 

MVI A (8) 

(0000 0000) STEP 4 
Out (port) 
(Port C) 
MVIA (8) 
(1111 1101) 
Out (port) 
(Port C) 
MVIB (8) 
(0000 0000) [I STEP 6 
one) || STEP 7 
SUB B 

JZ (adr) 


STEP 8 
JNZ (adr) 


MVIC (8) 
(0000 0001) 


IN (port) 
(Port B) || STEP 10 


SUB C 
JZ (ard) 


| STEP 9 


STEP 11 


JNZ (adr) 
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ADDITIONAL CIRCUITRY FOR 
SAMPLE PROGRAM 1: 


The following connections must be done on Port B of 
the EK! Micro-Mentor System (processor board). Ports 
A and C do not require additional connections 
because they are connected to the speech board 
through the ribbon cable. 


We reccomend that you wire this additional circuitry on a 
protoboard. 


ADDITIONAL CIRCUITRY 


MICRO-MENTOR PROCESSOR BOARD 


PORTB 
01234567 01234567 01234567 


i “GO” Pushbutton 


+SY 


ENTERING AND RUNNING THE 
PROGRAM. 


The following steps will guide you in this procedure. 


STEP 1: 


Interconnect the EKI Speech System with the EKI 
Micro-Mentor as shown in the " Interconnection Chart 
forthe EK! Micro-Mentor and the EK! Speech 
Synthesis System". 

Also wire the additional circuitry previously described. 


STEP 2: 


Connect the ribbon cable from socket J1 on 
Programmer Board, to socket J1 on Processor Board, 
of the Micro-Mentor System. 

NOTE: Verify that the connectors of both ribbon 
cables are installed to the boards with the beveled 
edge pointing in the right direction, as shown in the 
interconnection chart. 
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STEP 3: 


Connect a fresh 9 volt battery to the battery snap of the 
speech board and turn ON switch $1, the power switch 
of the speech board. 

Also turn ON the 5 V Power supply. 


STEP 4: 


Set the Reset/Run switch on the processor board of 
Micro-Mentor in the "Reset" position and using the 
programmer write the program in memory. 


STEP 5: 


Read the program back from memory to be sure that it 
is correctly written and rewrite any memory location that 
contains wrong data. 


STEP 6: 


Disconnect the ribbon cable from socket J1 on the 
processor board. 

Move the "Reset/Run" switch to the "RUN" position 
and the program must be executed. To repeat its 
execution press the "GO" pushbutton. 


EXPLANATION OF SAMPLE 
PROGRAM 1 


Through the initialization we define ports A and C to 
work as output ports and we define port B to work as an 
input port. Also, we load the stack pointer with the 
memory location OOFF. 


On step 2 of the program we output, through port C, 
the binary number 11 1101, as shown in figure 6. 


PORT C 


7 /MEnnoe 


ch C4 C3 (C2 «(C1 CC ; 
Figure 6. 
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CO, which is connected through the ribbon cable, to 
the Write (WR) input of the Speech Synthesis Board, 
gives the High necessary on the write (WR) line. 


Through C1 we select the set of ROM that we want 
to use. In our case, C1 is Low and therefore, we select 
the ROM Set #1. 


On Step 3 of the program we output through port A 
the binary number, which defines the selected word, to 
the SW1 to SW8 lines of the Speech Board. In our case, 
we output the binary number 0111 0110 (76) which 
corresponds to the word ‘‘parenthesis’’. 


At step 4, we output, through port C, the binary 
number 0000 0000 (00) which has a Low on CO (WR 
line). This causes the binary number, output through 
port A to the SW1-SW8 lines, to be latched on a register 
of the EKI speech chip. 


At step 5 we output, through port C, the binary 
number 1111 1101 (FD). Now, CO is High again, which 
causes the speech to start. 


At step 6 of the program we load the B register of 
the 8085 with the binary number 0000 0000 (00). 


At step 7 we input the interrupt (INTR) signal, 
coming from the Speech Board, through port B to the A 
register (accumulator) of the 8085. The interrupt 
(INTR) signal is Low during speech and goes High 
when speech has finished. 


At step 8 we subtract B register (which is 0000 0000) 
from A register. 


When the speech synthesizer is still saying the 
word, on the A register, we will have the number 0000 
0000 (00) and the result of the subtraction (A-B) will be 
0. Therefore, the microprocessor will go back to 
memoty location 19 (step 7). When the speech 
synthesizer finishes the word, on A register we will 
have the number 0000 0001. The result of the 
subtraction (A-B) will be different than zero, therefore, 
the micro-processor will go to memory location 0023 


(step 9). 
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At step 9, we load the C register of the 8085 with the 
number 01 (0000 0001). 

At step 10 we input port B to the A register. As the 
speech has already said the selected word, on port B 
we are going to have the binary number 01 (0000 
0001). 

At step 11 we subtract the contents of the C register, 
which is 01 (0000 0001), from the contents of the A 
register, which is also 01 (0000 0001). The result of 
this subtraction will be zero and therefore the 
microprocessor will go back to step 10 and it is going to 
remain in an endless loop between steps 10 and 11. 
Therefore, so far, the microprocessor has controlled 
the speech system to say the selected word once and 
now it is in an endless loop between steps 10 and 11 
of the program. 

Now, when the "GO" pushbutton is pressed, on port B 
we will have the binary number 0000 1001 (09). This 
number will be input to the A register of the 8085 at 
step 10 of the program. Now, the subtraction "Areg.- 
Breg." will be different from zero and_ the 
microprocessor will go back to step 1 of the program to 
repeat the whole program saying the selected word 
again. 

Therefore, by using the "GO" pushbutton, you can 
execute your program again and again. 


If you want to change the selected word, which in this 
case is “parenthesis”, for another, you will have to 
move the "Reset/Run" switch to the "Reset" position. 
Then connect the ribbon cable coming from the 
programmer to the processor board. You will have to 
rewrite memory location "OC" with the address of the 
new word and then verify that the whole program is 
or changed during the reset operation. Do not omit this 
verification. 

Then you can disconnect the ribbon cable from the 
processor board, move the "Reset/Run" switch to the 
"Run" position and the program will be executed with 
the new selected word. 
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SAMPLE PROGRAM 2 


OBJECTIVE: Through this program the speech synthesis system will say, one by one, all the words stored in 
ROM Set 1 (see Table 1) with addresses from 0000 0000 (00) to 1000 1111 (8F). 
Also, between each word, will be a silence of 160 m second. 


FLOW CHART OF SAMPLE PROGRAM 2 


MAIN PROGRAM SUBROUTINE 1 
STEP 1 Output aLow for WR 
through Port C 
[Rake ra =00|srera 
Output a High for 
sre 


WR through Port C STEP 13 
Output a High for 
WR through Port C STEP 4 


Output contents of 
Creg.toSW1-SW8 |[STEP5 
lines through Port A 


Call Subroutine 1 STEP 6 
Call Subroutine 2 STEP 7 


Make A reg.=Dreg. | STEP 8 


STEP 12 


Make B reg. = 01 


Input INTR to A reg. 
hrough Port B 


RETURN 


STEP 14 


STEP 15 


STEP 16 
#0 


STEP 17 


ser 


» 
STEP 10 SUBROUTINE 2 


om) 


Output binary number 
for silence through STEP 18 


= 0 
Make E reg. = 01 STEP 11 PorttA 
Input Port B STEP 21 Call Subroutine 1 STEP 19 


STEP 20 
STEP 22 
= 0 
0 
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OBJECTIVE PROGRAM OF SAMPLE PROGRAM 2 
MAIN PROGRAM 


MVI A (8) 
(0000 1101 
Out (port) 
C/S reg. 
LXI SP (16) 


MVIC (8) 
(0000 0000) 
MVI-D (8) 
(1000 1111) 
MVI A (8) 
(1111 1101) 
Out (port) 
(Port C) 
MOVA,C 
Out (port) 
(Port A) 
CALL (add) 


CALL (adr) 


MOV A,D 
SUB C 
JNZ (adr) 


JZ (adr) 


INRC 
JMP (adr) 


JMP (adr) 


MVI E (8) 


IN (port) 
PortB 
SUBE 
JZ (adr) 


JNZ (adr) 


Note: - Write the display symbols inside the blank parenthesis. 
- Be aware, when writing the program, that memory location 60 follows 


STEP 1 


STEP 2 


STEP 3 


STEP 4 


STEP 5 


STEP 6 


STEP 7 
STEP 8 


STEP 9 


STEP 10 


STEP 11 


STEP 21 


STEP 22 


memory location 26. 
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OBJECTIVE PROGRAM OF SAMPLE PROGRAM 2 
SUBROUTINE # 1 


MVI A (8) 

(1111 1100) STEP 12 
Out 

(Port C) 

MVI A (8) 

11111101 STEP 13 
Out (port) 
(Port C) 
MVIB (8) 
(0000 0000) 
IN (Port) 
(Port B) a STEP 15 
SubB 

JZ (adr) 


| | STEP 14 


STEP 16 
JNZ (adr) 


RET [_] STEP 17 


MVI (8) 
(160 ms silence) 
Out (port) 
PortA 
CALL (adr) 


RET __} STEP 20 


Note: Write the display symbols inside the blank parenthesis. 


ADDITIONAL CIRCUITRY FOR ENTERING AND RUNNING THE 
SAMPLE PROGRAM 2: PROGRAM. 

The additional circuitry for Sample Program 2 is the The steps to enter and run this program are the same 
same'as_ the one for sample program 1, which is as_the one given to enter and run sample program 1, 
shown in page # 10 of this manual. which are on page # 10 of this manual. 

Refer to page 10 and build the additional circuitry as Refer to page 10 and accomplish all the steps. 


shown in the diagram. 
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EXPLANATION OF SAMPLE PROGRAM #2 


Through the initialization (Step 1) we define port A 
and C to work as output ports and port B to work as an 
input port. Also, we load the stack pointer with the 
memory location OOFF. 


At step 2 we load the C register of the 8085 with the 
number 0000 0000 (00). 


At step 3 weload the D register of the 8085 with the 
number 1000 1111 (8F). 


At step 4 we output, through port C, the binary number 
1111 1101 (FD) which puts a High on CO (WR line) and 
a Low on Cl. This Low on C1 will select the ROM set 
#1. 


At step 5 we output the contents of C register of the 


8085, through port A, to the SW1-SW8 lines. In this 


manner the contents of C register. will select the word 
that the speech synthesizer is going to say. For 
example, if in C register we have the number 0000 0000 
(00) the system is going to say the words ‘“‘this is 
digitalker’’ (see table 1). 


At step 6 we “‘call’’ the subroutine 1 which will do 
the following two things: 


e Put on the Write (WR) line the necessary signals 
to make the system speak. 

e Input the interrupt (INTR) signal coming from the 
Speech Synthisizer in order to know when the speech 
synthesizer has finished saying the word. 


After steps 12 through 17 are completed, the control 
returns to step 7 of the main program. 


At step 7 we call subroutine 2. The purpose of this 
subroutine is to produce a silence between words. 


At step 18, of subroutine 2, we output through port 
A to the SW1-SW8 lines the binary number 0100 0110 
(46) which corresponds toa silence of 160 M sec. (see 
table 1). After that we call subroutine 1 which causes 
the silence to be produced by the system. 
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At step 17 of the subroutine 1 the control returns to 
step 20 of subroutine 2 and then the control returns to 
step 8 of the Main Program. At step 8 of the Main 
Program we make A register (accumulator) of the 8085 
equal to D register. In this manner, we put on the A 
register the number of the last memory location (1000 
1111, (8F) of ROM set 1. 


At step 9 we compare the contents of C register, 
which has the binary number of the last said word with 
the contents of A register, which contains the binary 
number of the last word that we want to say. 


If A register is bigger than C register (A-C#0) it 
means that we have not said all the words of ROM set 1 
and therefore, the control goes to step 10 where we 
increment C register by one. Then, the control goes 
back to step 4 to start the process all over again for the 
next word. 


When the Speech Synthesizer has said all the words 
of ROM set 1, on C register we will have the binary 
number 1000 1111 (8F) which is the binary number of 
the last word (weight) of ROM set 1 (see table). When 
that happens, the contents of A register will be equal to 
the contents of B register and the results of the 
subtraction A-B will be equal to zero. Therefore, the 
control will go to step 11. 


At step 11, we load the E register of the 8085 with the 
number 01 (0000 0001). 

At step 21, which is the next step after 11, we input port B 
to the A register. As the speech has already said all the 
words, on port B we are going to have the binary number 01 
(0000 0001). 

At step 22 we subtract the contents of the E register, which 
is 01 (0000 0001), from the contents of the A register, 
which is also 01 (0000 0001). The results of this subtraction 
will be zero and therefore the microprocessor will go back to 
step 21 and it is going to remain in an endless loop between 
steps 21 and 22. 

Therefore, so far, the microprocessor has controlled the 
speech system to say all the words of ROM Set 1, one by 
one, and now it is in an endless loop between steps 21 and 
22 of the program. 

Now, when the "GO" pushbutton is pressed, on port B we 
will have the binary number 0000 1001 (09). This number 
will be input to the A register of the 8085 at step 21 of the 
program. Now, the subtraction "Areg.- Ereg." will be 
different from zero and the microprocessor will go back to 
step 1 of the program to execute the whole program again. 
Therefore, by using the "GO" pushbutton, you can execute 
your program again and again. 


EKI SPEECH SYNTHESIS Page 94 


SAMPLE PROGRAM 3 


OBJECTIVE 


Program the microprocessor system to make the 
Speech Synthesizer say a message of six words (with 
silence between each word) from ROM set 1. 


The six words of the message will be stored at 
memory locations 70 - 76 of the RAM section of the 
memory. 


This is a very useful program because with it the 
message may be easilychanged, just by rewriting the 
six memory locations that keep the message (70 - 75). 


After studying this program, you will know how to 
design programs, similar to this, to say any quantity of 
words you want. Also, you will find out that with a 
program similar to this you may write different 
messages at different places in the memory. In this 
manner, the system will be able to say different 
messages by just changing the contents of one memory 
location. 


FLOW CHART 
MAIN PROGRAM 


Initialization a STEP 1 


& L registe 
with ncinber a | STEP 2 
Make C reg.= 00 | STEP 3 


Move contents of 
memoryloc. defined | STEP 4 
byH&L reg. toA reg. 


Call Subroutine 1 STEP 5 


Call Subroutine 2 4 STEP 6 


Increment H & L reg. STEP 7 


Make Areg.=5 | STEP 8 


Twernanens HX A-c > seers 


STEP 10 
=0 
Moke Ereg.=01 | STEP 11 


Input Port Bto A reg. STEP 24 


A-E > STEP 25 


#0 
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SAMPLE PROGRAM 3 
SUBROUTINES 
SUBROUTINE 1 SUBROUTINE 2 
= lence itn) | STEP 
Se Call subroutine 1 | STEP 22 
Output the contents of RETURN STEP 23 
Dreg.toSW1-SW8 | STEP 14 


through port A 


Output a Low for WR 


through port C Et 


Output a High for WR 
through port C STEP 16 


Make B reg. = 01 STEP 17 


Input INTR to A reg. 


through port B. SIE rle 
STEP 19 
0 


RETURN STEP 20 
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OBJECTIVE PROGRAM OF SAMPLE PROGRAM 3 
MAIN PROGRAM 


MVI A (8) 
(0000 1100) 
Out (port) 
C/S reg. 
LXISP 


LXIH (16) 
MVIC (8) 
MOV A,M 
Call (adr) 
Call (adr) 
INX H 
MVIA (8) 
Sub C 
JNZ (adr) 


JZ (adr) 


INR C 
JMP (adr) 


MVIE (8) 
IN (port) 
SUBE 
JZ (adr) 


JNZ (adr) 


STEP 1 


STEP 2 


STEP 3 
STEP 4 


STEP 5 


STEP 6 
STEP 7 
STEP 8 


STEP 9 


STEP 10 


STEP 11 


STEP 24 


STEP 25 
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OBJECTIVE PROGRAM OF SAMPLE PROGRAM 3 


SUBROUTINE # 1 


50 
51 
52 
53 
54 
95 


NOTE: In order to run this program you will have to write in memory locations 70 to 75 the message 


MOV D,A STEP 12 
MVIA 

(1111 1101) STEP 13 
Out (port) 

(Port C) 

MOV A,D 

Out (port) STEP 14 
(Port A) 

MVI A (8) 

(1111 1100) 

Out (port) STEP 15 
(Port C) 
MVI A (8) 
(1111 1101) 
Out (port) 
(Port C) 
MVIB (8) 


STEP 16 


STEP 17 


IN (port) 
(Port B) STEP 18 


SUBB 
JNZ (adr) 


STEP 19 
JZ (adr) 


RET STEP 20 


MVI A (8) 


(20 ms silence) ee 


CALL (adr) 


STEP 22 


RET T] STEP 23 


that you want the system to say. See example in next page. 
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EXPLANATION OF SAMPLE PROGRAM #3 


To do this we will write the message, using the binary numbers shown in Table 1 (page 2), in the memory locations 70 to 75, 


shown in table below. 


‘THIS IS DIGITALKER HIGH SPEED DANGER DANGER DANGER ”’ 


To do this we will write the message, using the binary numbers shown in Table 1, in the memory locations 


70 to 75, as shown in figure 8 below. 


MEMORY DATA 


LOCATION HEXADECIMAL 


DATA MESSAGE 
BINARY 


Now let us explain the program. 


Through the initialization (Step 1) we define port A and port 
C to work as output ports, and port B as an input port. Also, 


we load the stack pointer with the memory location OOFF. 


At step 2, we load the H & L register pair of the 8085 
with the number 0070. Therefore the number 00 will be 
stored in H register and the number 70 in the L 
register. 


At step 3 of the program we load the C register with 
the number 00. 


At step 4 we move the contents of the memory 
location, defined by H & L register, to the A register 
(Accumulator). For example, if in the H & L register 
we have the number 0070, step 4 will put in the A 
register the number 00 which is the contents of memory 
location 0070. 


At step 5 we call the subroutine 1 which will cause 
the system to speak. Let us see how it does this. 


a Se = 


0101 1011 High 


Speed 


0100 1100 Danger 
0100 1100 Danger 


0100 1100 Danger 


At step 12 we move the contents of the A register, 
which is the address (Binary number) of the word that 
we want the system to say, to D register. We do this in 
order not to lose the data that we have on A register, 
because at step 13 we will use the A register for another 
purpose. 


At step 13 we output, through port C, the binary 
number 1111 1101 (FD) which has.a high on CO (WR 
line) and a low on Cl. This low on C1 will select the 
ROM set 1. 


At step 14 we output, through port A, the contents 
of the D register, which is the address (binary number) 
of the word that we want to say, to the SW1-SW8 lines. 


At step 15 we output, through port C, the binary 
number 1111 1100 (FC) which has a Low on CO (WR 
line) and a Low on Cl (ROM set 1). 


At step 16 we output through port C the binary 
number 1111 1101 (FD) which has a High on CO (WR 


line) and a Low on Cl. This will cause the system to say the 
word. 
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At step 17 we load the B register of the 8085 with 
the number 01. 

At step 18 we input, through port B, the interrupt 
signal (INTR) to the A register. The interrupt signal 
(INTR), which comes from the speech synthetizer to the 
microprocessor board, is Low during the speech and 
High when the speech has finished. 


At step 19 we subtract B register (which is 0000 
0001) from a register. When the system is still saying 
the word, on A register, we will have the number 0000 


0000 and the results of the subtraction "A - B" will be different 


than zero. Therefore the microprocessor will go back to step 
18. 


When the speech synthetizer finishes the 
speaking, on the A register we will have the number 
0000 0001 and the results of the subtraction (A-B) will be 
zero. Therefore the microprocessor will go to step 20, which 


is a return instruction, and the control will return to step 6 of 
the main program. 


At step 6 of the main program we call subreutine 2. 


At step 21 of subroutine 2, we load in the A register 
of the 8085 the binary number 0100 0011 (43 which is 
the address of the silence of 20 mili-seconds (msec). 


At step 22, we call subroutine 1 which will make the 
‘silence be produced by the system.. 


At step 23 we have a return instruction and the 
control will return to step 7 of the main program. 


At step 7 we increment, by one, the contents of H & 
L register. For example, if we have on H & L register 
the number 0070 after step 7 we will have the number 
0071. 


At step 8 we load the A register with the number 05 
which is the total amount of words, minus one, that we 
want to say (6-1=5). 


At step 9 we subtract the contents of C register from 
A register. If the system has not already said the six 
words of the message, the result of the subtraction A-C 


will be different from zero and the control will go to step 
10. : 
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Step 10 will increment C register, by one, and the 
control will go back to step 4 to say the next word of the 
message. 


When the system has said all the six words of the 
message, the results of the subtraction A - C will be zero 
and the control will go to step 11. 


At step 11, we load the E register of the 8085 with the 
number 01 (0000 0001). 

At step 24, which is the next step.after 11, we input port B to 
the A register. As the speech has already said all the words, 
on port B we are going to have the binary number 01 (0000 
0001). 

At step 25 we subtract the contents of the E register, which is 
01 (0000 0001), from the contents of the A register, which is 
also 01 (0000 0001). The results of this subtraction will be 
zero and therefore the microprocessor will go back to step 24 
and it is going to remain in an endless loop between steps 24 
and 25. 

Therefore, so far, the microprocessor has controlled the speech 
System to say all the words of the message and now it is in an 
endless loop between steps 24 and 25 of the program. 

Now, when the "GO" pushbutton is pressed, on port B we 
will have the binary number 0000 1001 (09). This number 
will be input to the A register of the 8085 at step 24 of the 
program. Now, the subtraction "Areg.- Ereg." will be different 
from zero and the microprocessor will go back to step 1 of the 
program to execute the whole program again. 

Therefore, by using the "GO" pushbutton, you can execute 
your program again and again. 


ADDITIONAL CIRCUITRY FOR 
SAMPLE PROGRAM 3. 


The additional circuitry for sample program 3 is the same as 
the additional circuitry for sample program 1, which is shown 
in page 10 of this manual. 

Refer to page 10 and build the additional circuitry as shown in 
the diagram. 


ENTERING AND RUNNING THE 
PROGRAM. | 


The steps to enter and run this program are the same as_ the 
one given to enter and run sample program 1, which are on 
page 10 of this manual. 

Refer to page 10 and accomplish all the steps and do not 
forget to write the message you want the system to say in. 


. memory locations 70 to 75. 
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SAMPLE PROGRAM 4 (OPTIONAL) 


NOTE: This program is optional and may be run only on INTRODUCTION: 


systems which have ROM set 2. In order to accomplish our objective we will have to write 


the message, using the binary numbers shown in table 1, in 
OBJECTIVE: memory locations 70 to 7F, In one memory location we 
Program the microprocessor system to make the speech will write the address of the word and in the next memory 
synthesizer say a message of eight words with the words location we will write a number which identifies in what 
selected from the two sets of ROMs (ROM set 1 and ROM ROM set that word is located. Let us say for example, that 
set 2). we want the system to say the following message: 


INTRUDER AT DOOR NUMBER FOUR (silence) DANGER (120 M sec.) 


ROM SET 2 ROM 1 ROM 2 ROM 1 ROM 1 ROM 1 ROM1 ROM t 


In order to say this message we will have to load memory locations 70 to 7F with the following data: 


MEMORY, DATA DATA 

LOCATION | HEXADECIMAL| MESSAGE BINARY 
70 3F Intruder 0011 1111 
71 03 0000 0011 This bit select ROM Set 2 
72: 3D( ) At 0011 1101 
73 01 0000 0001 This bit select ROM Set 1 
74 1D() Door 0001 1101 
75 03 0000 0011 This bit select ROM Set 2 
76 70 Number 0111 0000 
77 01 0000 0001 This bit select ROM Set 1 
78 04 Four 0000 0100 
79 01 0000 0001 This bit select ROM Set 1 
7c 47 Silence of | 0100 0111 
73 01 Paws 0000 0001 This bit select ROM Set 1 
wu 4C(_) Danger 0100 1100 
7£ 01 0000 0001 This bit select ROM Set 1 
TE 4C( ) Danger 0100 1100 
7F 01 0000 0001 This bit select ROM Set 1 
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FLOW CHART OF SAMPLE PROGRAM 4 


MAIN PROGRAM 


Increment C reg. 


STEP 12 


sre 
Make H & L reg = 0070) STEP 2 


Make Creg.=00 |STEP3 


Move contents of 
memoryloc. defined | STEP 4 
byH&L to D reg. 


Increment 
H & L registers 


Move contents of 
memory loc. defined! STEP 6 
by H & L toE req. 

Call Subroutine 1 | STEP 7 


Call Subroutine 2 | STEP 8 
IncrementH & L | STEP9 


Make Areg. = 07 | STEP 10 


STEP 11 
#0 


Make B reg. = 01 STEP 13 
Input port Bto Areg.| STEP 14 


STEP 15 
= 0 on 


-0 
~ 0 


STEP 5 
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EK] SPEECH SYNTHESIS 


FLOW CHART OF SAMPLE PROGRAM 4 
SUBROUTINES 


Input INTRto Areg. | step 22 
; STEP 23 
x 0 

= 0 


SUBROUTINE 1 


Output E reg. to 
Port C. STEP 14 


Output D reg. to 
ia 
Make Areg.=Ereg. | STEP 16 
Make D reg. = 01 STEP 17 


[| AD | ster 


Output A reg. to 


Pon C. yeti 


Output E reg. to 
Pon C. 


MakeBreg.=01 | STEP 21 


STEP 20 


STEP 24 


SUBROUTINE 2 


Write 20 ms silence 
in D reg 


STEP 25 


STEP 26 
STEP 27 


Call Subroutine 1 


STEP 28 
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OBJECTIVE PROGRAM OF SAMPLE PROGRAM 4 
MAIN PROGRAM 


DATA | __Mnemonics 


MVI A (8) 
(0000 1101) 
Out (port) 
C/S reg. 
LX!I SP 


LXI H (16) 


MVI C (8) 
MOV D,M 
INX H 


MOV E,M 
CALL (adr) 


CALL (adr) 
INX 

HMVI A (8) 
SUB C 
JNZ (adr) 


JZ (adr) 


INR C 
Jump (adr) 
MVI B (8) 
IN (port) 


SUB B 
JZ (adr) 


JNZ (adr) 


STEP 1 


STEP 2 


STEP 3 


STEP 4 
STEP5 
STEP 6 


STEP7 


STEP 8 


STEPS 
STEP 10 


STEP 11 


STEP 12 


STEP 13 
STEP 14 


STEP 15 
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OBJECTIVE PROGRAM OF SAMPLE PROGRAM 4 
SUBROUTINES 


SUBROUTINE 1 


SUBROUTINE 2 


MOV A,E 
Out (port) 
(Port C) 

MOV A,D 
Out (port) 
(Port A) 

MOV A,E 
MVI D (8) 


SUB D 
Out (port) 
(Port C) 
MOV A,E 
Out (port) 
(Port C) 
MVI B (8) 


IN (port) 
(Port B) 


SUB B 
JNZ (adr) 


JZ (adr) 


RET 


MVI D (8) 


MVI E (8) 


CALL (adr) 


RET 


STEP 14 


STEP 15 


STEP 16 


STEP 17 
STEP 18 


STEP 19 


STEP 20 


STEP 21 


STEP 22 


STEP 23 


STEP 24 


STEP 25 


STEP 26 


STEP 27 


STEP 28 


EKI SPEECH SYNTHESIS 


ADDITIONAL CIRCUITRY FOR 
SAMPLE PROGRAM 4 


The additional circuitry for Sample Program 4 is the 
same as the additional circuitry for sample program 1, 
which is shown in page 10 of this manual. 

Refer to page 10 and build the additional circuitry as 
shown in the diagram. 

Remember that in order to run this program you need 
the EKI ROM SET 2 installed on the speech board. 


ENTERING AND RUNNING THE 
PROGRAM. 


The steps to enter and run this program are the same 


as the ones given to enter and run sample program 1, 


which are on page 10 of this manual. 
Refer to page 10 and accomplish all the steps and do 


not forget to write the message you want the system to 


Say on memory locations 70 to 7F. 


Page 105 


Vec 


EKI SPEECH SYNTHESIS Page 106 


EKI SPEECH SYNTHESIS SYSTEM 
SCHEMATIC DIAGRAM 
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EKI STARTER KIT | 


\\ The EKI Starter Kit will guide you on your 


first steps in electronic circui eee. 
Contains soldering iron and =o L 
Blinker Kit with step by step instructions. 


EKI POCKET DICE 
The EK! Pocket Dice is a handy little 
project to_be used with any game of 
chance. Since it uses CMOS circuitry it 
has the advantage of operating of a 9V 
battery. Every one will love to use it. 


EK! SPACE WAR GUN 

The EKI Space War Gun gives you those 
realistic sight and sound effects you 
hear in space science fiction movies. 
Use it with all your fantasies about space 
exploration. 


EK! METAL DETECTOR 

The EK! Metal Detector is a cousin to the 
earlier army mine detectors and the super 
sensitive solid state metal locators of 
today. This simple device works with any 
portable AM Radio. 


EK! LOGIC PROBE 

The EKI Logic Porobe is a compact and 
reliable piece of test equipment to be 
used with all digital logic families. It Gea 
a clear indication of HIGH or LOW 
condition. Use in troubleshooting circuits. 


EKI BURGLAR ALARM 

The EKI Burglar alarm is an easy-to- build 
alarm control for your car, house, room or 
closet. After the alarm is on, the only way 
to turn it off is to turn off the hidden reset 
switch. THIEVES BEWARE! 


EKI DECISION MAKER 

A super heads-tails, or yes-no game. 

It has two Neon bulbs that alternatel 
flash on and off. When the switc 
pressed only one of the bulbs will stay lit 
making your decision, Yes or No. 


LED PENDULUM METRONOME 

The EKI Pendulum Metronome uses the 
sequential lighting of ten LED's set in an 
arc to form the “swinging arm" and a 
speaker producing the clicking sound of 
the metronome. 


EKI DOUBLE DECISION MAKER 

Use this to make those very though 
decisions where “maybe” may also be an 
answer. Four bright LED's blink and two 
remain lit to make the decisions. Love 
those reds & grteens. 


EKI SIREN OSCILLATOR 

The EK! Siren/Oscillator is really two 
projects in one. This kit functions as an 
excellent code practice oscillator as well 
as a siren. Use at home or on your 
bicycle, etc. Operates on 9 volts. 


EKI ROBOT BLINKER 
With the EKI LED Robot Blinker you will 


learn about free-running oscillators. 
You'll have fun aarp ep ying and 
learning about the LED Robot Blinker. 
R2D2 never looked so good! 


EKI MINI WINK 
An exciting project that flashes six neon 
bulbs in a_ totally random manner. 


Everyone will wonder what it is. Put in 
dark corner for a science fiction effect. 


ELECTRONIC KITS 
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EK! FISH CALLER 

The EKI Fish Caller, when completed, 

makes a clicking sound that should 

rh hungry fish in the vicinity. Bring in 
at bia 


EK! ELECTRONIC TURKEY 

The Electronic Turkey is a circuit board, 
pre-cut in the shape of a turkey, for 
meuriong companent including flashing 
rows of LED's on the tail feathers. It will 
be lots of fun anytime. 


EK! SHIMMER LIGHTS 

Makes any string of christmas ole to 
“shimmer”. Great as a window display, 
holiday decoration, or exciting attention 
getter. 


EKI CHRISTMAS TREE 
Perfect for the Holiday Season. The EK| 


“Christmas Tree produces a dazzling 


effect. Use it as Christmas ornament, in 
a window, or set up in the self-standing 
mode ona table. 


EK! ONE CHANNEL COLOR 
ORGAN 


This Color Organ gives a dramatic effect 
by flashing a light or string of lights to 
the freque of music. Plug them in and 
watch them keep time to the music. 


EK! AUTOMATIC SIREN 

The EKI Automatic Siren definitely 
sounds like the real thing. Can be used 
with a burglar alarm or an attention 
getter. 


EKI FUZZ BOX 

The EK! Fuzz Box is a two transistor 
amplifier that adds distortion to the 
output signal of an electric guitar. Quick 
to build - Results are fantastic 


EK! 0-9V POWER SUPPLY 

The EKI 0-9V Power Supply is designed 
to supply 0 to 9 volts DC to a host of 
electronics devices. It is a reliable 
variable power supply that will give you 
many years of good service. 


EKI 0-15 VOLT POWER SUPPLY 

The EK] 0-15V Power Supply is one of 

the most useful, low-cost power supplies 
ou can build. It will supply voltage to 
ransistor radios, tape recorders, and 

electronic games. 


EKI COLOR ORGAN 3CHANNEL, 
ACONTROL 

This EKI Color yan gives a dramatic 
effect by flashing three strings of lights 
to the sound of music. ach string 
responds to its own frequency range. 


EKi 3 - CHANNEL, 4 - CONTROL 
COLOR ORGAN 

This EK! Color cee gives a dramatic 
effect by flashing three euings of. lights 
to the frequency of music. Each stirng 
responds to its own frequency range, 
one for the low or bass, another for the 
mid-range, and a third for the high or 
treble frequencies. Any FM _ radio, 
stereo, phonograph, or tape player can 
be used as a signal source. Makes a 
beatiful light display for parties. 


EK! DANCING STARS 

The. EKI Dancing Stars is great for 
parties and fun to build. It runs on 9 
volts. Take it with you anywhere. Can be 
used as lighted jewelry or mystic display. 


EKI VARIABLE STROBE LIGHT 

The EKI Strobe Light produces a very 
pon ene white light for short 
durations. The speed or flash rate can 
be varied from one or two per minute to 
twelve or more per second. 


EKI 12 VOLT COLOR ORGAN 

The EKI 12 Volt Color Organ is ideal for 
use with 12-volt battery systems. Each 
channel responds to a particualr range of 
audio frequencies. Install in your car, 


842/742 van, or boat. 


FM MICROPHONE TRANSMITTER 
Amaze your friends with this fun kit. It 
transmits up to 40 feet and runs on a 9- 
volt battery. With the addition of a 
crystal microphone (net included) you 
can talk through any FM radio. 


EKI 12 V STROBE FLARE 
An unusual strobe light to be used in 
your science fiction “experiments” or an 
emergency flasher for automobiles, 
boats or campers. Plugs into the 
vehicle's cigarette lighter. 


EKI WHOOPER ALARM 
The EKI makes an excellent alarm 
device for the Combination Lock/Alarm 
Control. it can also be used 
independently as a sounder or siren. 


EKI COMBINATION LOCK/ALARM 
CONTROL 
The EKI Combination Lock is a well 
designed system. Push just one switch 
and the circuit is armed. If anyone 
attempts to enter an alarm is set off, and 
only you can disengage it. Install in your 
home, office or vehicle. 


852/752 


EK! ELECTRONIC TENNIS | 
Play fast-action “doubles” with just one 
finger. Designed for two players; one on 
each side of the net. This is a very 
unique IC controlled game. 


888/788 


1 DIGI 
The EKI Digital Roulette will be a sure 
winner with you, your friends and your 
relatives. Thirty-two LEDs are arranged 
in a five-inch circle. Round & round she 
goes, where she stops nobody knows. 


EKI 5-24 VOLT REGULATED 
POWER SUPPLY 

The EKI 5-24V (300mA to 1A) Power 
Supply is just what you need to meet the 
wide range of power requi*‘ements 
necessary for experimenting, project 
building and electronics repair. 


890/790 
1092 


860/760. 892/792 


| Z Rec CiTe o 
| FANNER 
994/754 “Cen 


Des 
SC 
ae 
EKi| FULL WAVE MOTOR SPEED 

CONTROL 

The EKI Full Wave Motor Speed Control 

can be used to vary the speed of a hand 

drill or other small "brush" type motor. It 

also makes an excellent lamp dimmer. 


EKI DIGITAL SLOT MACHINE 

Las Vegas watch out; the all electronic 
“one armed bandit" has arrived. The 
odds of your getting all readouts to 
=P ey the same letter and thus win the 


SS a ~ di 
866/766 WY jackpot are one in 64.Jackpot Time! 899/799 


EK! LED BLINKER 


EK! DIGITAL DICE 
The EK! Digital Dice is a fun game to play 
at home or in your car on a ong trip. 
"Time to Roll it". This single die is tun to 
build and fun to play. 


EKI NERVE TESTER 

The EK! Nerve Tester is actually two 
projects in one; both designed to test 
our ability to remain calm or_ your 
steady-hand" state. One circuit will. 
indicate failure by pala on a LED, the 
other by giving an adjustable shock. 


EKI 6-DIGIT DIGITAL CLOCK 
The EKI Six Digit Digital Clock has many 
special features. 12 or 24 hour mode, 
slow, fast, hold buttons for easy setting, 
seconds display, color LEDs to separate 
hours and minutes. 1/2 inch digits. 


EKI DIGITAL BIRD 
There are all kinds of birds in this world, 
singing all kinds of songs. But neither 
you nor they have probably heard 
anything quite like this. Birds start 
singing when they hear it. 


EK! MUSICAL HORN 
Designed to be used in your home, or in 
your van, car or boat. Comes with two 
song chips; La Cucaracha & Dixie. Great 
attention getter. Operates on 12 Volts. 
Loud and beatifully rich sound. 


EKI SOUND ACTIVATED COLOR 
ORGAN 


The EKI Sound Activated Color Organ is 
similar to all other color organs except fot 
the fact that no electrical connection is 
made directly to the sound source. This 
allows for some interesting applications. 
Use at parties, etc. 


EKI 2W AUDIO AMP/INTERCOM 
This kit can be used as a PA amplifier, 

hono amp, a “bug” or an intercom. Use it 
in your car to talk to other cars or at 
home for a room monitor. 


EKI HIDDEN TORMENTOR 
The EK1! Hidden Tormentor is the perfect 
fun project and pane for family and 
friends. You will drive your friends crazy 
trying to find it. A Great “lce-Breaker". 


STOP ACTION TIMING TESTER 
This EK! kit tests and expands B ho 
sense of timing. “Freeze” the LED by 
pressing the push-button at exactly the 
right time. As soon as you see the light, 
hit the button. 


EKI TELEPHONE HOLD BUTTON 
The EKI Telephone Hold Button puts all - 
incoming and outgoing call on hold at the 
press of your finger tip. It works with a 
single phone or any number of extension 
phones. Make it for all your phones. 


EK! NITE-RIDER LITES 
This is the most exciting light display we 
have ever seen for cars, vans or boats. 
Will amaze everyone with the variable 
speed flashing bar of lights 2 feet long 
and LED light sequencer inside your car. 


The EK! Led Blinker is the “night light" 
you wear. Two super diffused LEDs 
pulse out light for hours on end using a 
Standard 9-volt battery. Easy to 
assembly - Last indefinitely. 


